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Mbocaya or Paraguay Cocopalm—An Important 


Source of Oil 


The pulp and kernel oils from the fruit of this palm, 
exceedingly abundant in Paraguay, have long been used 
locally in the manufacture of soap. Kernels were for- 
merly exported to Europe but now are entirely crushed 
in Paraguay and only the oil exported, principally to 
Argentina which normally takes 50 to 75% of the 


production. 
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Introduction 


The Western Hemisphere is rich in 
palms, having more than 1,200 native 
species, nearly 500 of which are indig- 
enous to Brazil. The neighboring coun- 
try of Paraguay, although less rich in 
number of species, contains hundreds of 
millions of individual palms, most nu- 
merous of which is the caranday (Coper- 
nicia australis Beec.) of the Chaco. Per- 
haps next in abundance is the mbocayaé 


1 Vegetable Oil Specialist, United States of 
America Operations Mission to Brazil, Foreign 
Operations Administration. 


palm (Acrocomia totat Mart.) which oc- 
curs in large numbers in the Central 
Zone of eastern Paraguay. 

Of the ten species of palms reported as 
native in Paraguay, the caranday and 
mbocaya possess the greatest economic 
value. From pre-Columbian times to 
the present these two palms have sup- 
plied food, shelter and the raw materials 
for fabrication of various articles (hats, 
ropes, baskets, bags, hammocks, mats, 
ete.). 

From the economic and _ utilitarian 
point of view, mbocaya is presently of 
greater importance to Paraguay than 
any other indigenous palm. In modern 
industrial technology they are both great 
but as yet incompletely exploited sources 
of industrially valuable products. Caran- 
day has been previously discussed in 
considerable detail and in this same peri- 
odical (January—March, 1955) by the 
present author. This article is a similar 
treatment of mbocay4, based in part on 
original surveys covering the natural 
abundance and distribution of the spe- 
cies in Paraguay. 


Taxonomy and Nomenclature 


The totai or mbocayaé palm is one of 
about 25 species of spiny palms belong- 
ing to the genus 


Acrocomia which 
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abounds from the West Indies and Mex- 
ico to Paraguay and Argentina, and 
which encompasses a climatic range 
from tropical to temperate. Mbocaya 
is not confined to Paraguay but is found 
also in Bolivia, Argentina and Brazil in 
areas contiguous to Paraguay. It is 
closely related to, and difficultly distin- 
guishable from, A. sclerocarpa Mart. 
which occurs over a wide area of Brazil. 
It has been referred to in the literature 
by a variety of common names (Para- 
TABLE I 


PRropuCcTION AND Exports or MpocayA (A. totat) 


KERNEL AND Pup Gs * 


Kernel oil Pulp oil 


ar * q _ . 
Year Produc- Export, Produc- Export, 
tion, tion, 
m. tons m. tons 
m. tons m. tons 
1940 883 13 
1941 1,190 254 
1942 1,833 1,300 bath iid 
1943 2,404 1,417 : 126 
1944 1,602 871 aoa 222 
1945 1,949 967 170 109 
1946 1,277 727 171 471 
1947 2,694 1,587 501 386 
1948 2.664 1,547 501 381 
1949 2,499 2,588 620 2.074 
1950 1,189 1,001 985 719 
1951 2,849 1,056 1,125 416 
1952 2.456 1,062 881 350 
1953 1,924 14 852 158 
‘Source: Department of Economic Studies 


of the Bank of Paraguay and the Central Bank 
of Paraguay. 

guay: mbocayé, mbocayé Cayiete; Bo- 
livia: cayara, totai; Brazil: grou-grou, 
mbocayé-uba, mocaje, mucujaé, noz do 
Paraguay; elsewhere: Paraguay palm; 
totai palm). Unfortunately “ mbocayé ” 
or variants thereof have been applied to 
at least five and perhaps more species 
of palm (18). In Paraguay the palm is 
frequently referred to as “ eo- 
cotero-paraguayo ”’ and occasionally as 
‘coquito del Paraguay ”. These names 
are inappropriate because the palm and 
its fruit are totally dissimilar to the true 
coconut palm (Cocus nucifera). 


‘coco ”, 
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Because of the confusion in names and 
identity of the species of Acrocomia, 
various previously reported chemical an- 
alyses allegedly of the fruit of A. totai 
sannot be relied on as they undoubtedly 
refer to A. sclerocarpa or some other 
species *. Junelle (12) comments on this 
confusion as follows: “et la confusion 
est facilitée par le fait que les fruits de 
tous ces Acrocomia sont sphériques et 
que, d’autre part, tous ces Acrocomia 
portent, en Amérique du Sud, le nom in- 
digéne de ‘ mocajé’ ou ‘ mbocayé’” 


Description 

Various descriptions (3, 5, 7) of the 
mbocay4é palm have been published, but, 
although they agree with respect to the 
principal characteristics, none is com- 
plete, and in some aspects they are con- 
tradictory. So far as the writer has been 
able to ascertain, the mbocay4é palm has 
never been thoroughly studied and de- 
scribed from the area of its greatest 
abundance, namely, Paraguay. In 1951 
the writer collected a large amount of 
authentic material supplemented with 
photographs and sent it to Miriam L. 
Bomhard, U. 8. Forest Service, for study 
and comparison with the extant herba- 
rium specimens and descriptions of the 
mbocayé palm. Unfortunately she did 
not complete this study prior to her fatal 
illness. The following incomplete de- 
scription is given from the field notes of 
the writer (14). 

Trunk and Foliage. The mbocaya 
palm is generally eight to 12 meters in 
height to the crown, but occasionally 
very old trees may reach 20 meters or 
more. The trunk is generally cylindri- 
cal, but it may be curved or bent, espe- 
cially in very tall trees, and quite fre- 
quently it is slightly bulged or depressed 
for several feet somewhere near the mid- 
dle. The circumference of the trees vary 

2 The analysis reported for Paraguay kernels 


(Acrocomia sp.) by Bray and Elliott (6) al- 
most certainly pertains to A. totai. 
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Mbocaya palm (Acrocomia totai Mart.) of Paraguay. 
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from 30 to 45 em. at the base, and from 
25 to 30 em. at 1.5 the 
base. 


meters above 

The trunks vary greatly with respect 
to persistence of the spines which are 
arranged in incomplete circles in prox- 
imity to the leaf scars. Some trees are 
almost devoid of spines except for a 
short distance below the crown; others 
are covered with spines from the base 
to the crown; and all gradations between 
these two extremes are observed. The 


Fig. 2. 


spines of the trunk vary in length up to 
17 em. but are usually 7.5 to 12.5 cm. 
Generally the petiole bases or boots 
are not persistent, but occasionally 
young trees are observed with persistent 
petioles from the base to the crown—a 
distance of three to four meters. 
Undisturbed crowns are not often ob- 
served in settled areas, owing to the 
practice of cutting the leaves for fodder. 
Normal crowns contain 20 to 25 leaves, 
2.5 to 3.0 meters in length. During the 
dry season in settled areas where the 
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leaves are used for fodder, the number 
of leaves per crown may be reduced by 
cutting to seven or eight and sometimes 
to no more than two. Mature leaves 
contain 100 to 114 leaflets on each side 
of the rachis which is covered with spines 
up to 8.0 em. in length. 

Flowers and Fruit. All species of 
Acrocomia are monoecious with the 
sexes separate in each spadix or flower- 
cluster. The ratio of staminate to pis- 
tillate flowers is very variable, resulting 


Mature mbocaya fruit. 


in marked variations in the numbers of 
fruits per bunch. 

The fruit, like that of other Acroco- 
mias, is a drupe consisting of an outer 
hull or rind (epicarp) and an inner fi- 
brous pulp (mesocarp) which surround a 
nut or seed. The latter is composed of 
a hard shell (endocarp) enclosing an 
oily white kernel or meat, to which ad- 
heres a paper-thin reddish-brown skin 
or testa (Figs. 2 and 3). At maturity 
the oily mucilaginous pulp is dark 
orange in color, owing to the presence of 


~l 
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Fic. 3. Cross section of mbocaya fruit, whole nut, cross section of nut, and whole kernel. 
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carotene, and it 


possesses. a sweet aro- 
matic flavor. 
The mature golden-yellow fruit is 


nearly spherical, varying slightly in size, 
depending on the age of the tree, soil, 
rainfall and the amount of defoliation to 
which the tree has been subjected. 
Measurements made on 75 mature fresh 
fruits of a tree from which no leaves had 
been cut for several years varied from 
2.9 to 4.1 em. (av. 3.76 em.) in diameter 
and 3.0 to 4.1 em. (av. 3.69 em.) in 
height. Measurements made on 200 ma- 
ture fruits sent to the U. 8. Forest Serv- 
ice were 3.27 to 3.85 em. (av. 3.56 em.) 
in diameter and 3.04 to 4.17 em. (av. 
3.57 em.) in height. The great majority 
of mature fresh fruit fall within the di- 
mensions 3.0 to 4.0 diameter and 
height. 


em. 


The thickness of the various parts of 
the fruit varies with the overall size of 
the fruit and irregularities in the shape 
of the kernel and the surrounding en- 
velopes. In a mature fruit (30x30 
mm.) the outer hull is 0.6-0.7 mm., the 
pulp about 3.4 mm., the hard inner shell 
2.5-3.0 mm. in thickness and the kernel 
10-15 mm. in diameter. 

At maturity and while the fruit is 
still attached to the tree, the pulp prac- 
tically fills the space between the outer 
hull (rind) and inner shell. Since the 
pulp contains about 50% water, it be- 
gins to shrink as the fruit dries after it 
separates from the tree and possibly 
even before; consequently a free space 
develops between the pulp and the outer 
hull, which may be 2.3 mm. or more by 
the time the whole fruit attains an equi- 
librium moisture content of 8 to 10%. 
When the fruit this moisture 
content, the hull becomes very brittle 
and is easily crushed and removed by 
hand. The pulp, however, dries to a 
tough fibrous mass that adheres tena- 
ciously to the nut and is removed only 
with considerable difficulty. When, how- 
ever, the fruit is permitted to lie on the 


reaches 
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ground, both the hull and fiber disinte- 
grate and germination of the nut or seed 
soon follows. 


Distribution and Abundance 


Until recently the number and distri- 
bution of mbocayaé palms in Paraguay 
have been subjects of much conjecture 
and no little dispute. Most published 
reports generally refer to millions of 
these palms (21), one mentioning eight 
million (9), another 28 million. One 
widely disseminated map showing the 
distribution of this palm includes areas 
where none is found or only a few widely 
scattered ones. 

Owing to the growing importance of 
the mbocayé palm to the vegetable oil 
industry of Paraguay and the need for 
expanding the numberof fruit-collecting 
centers and hulling and cracking plants, 
it became important to have as reliable 
data as possible regarding the distribu- 
tion and density of this palm. To sup- 
ply this information, John L. Young of 
Algodones, 8. A., and the writer made a 
ground and aerial survey of all areas in 
Paraguay which were reported to con- 
tain exploitable quantities of this palm 
(15). 

Areas accessible by road were sur- 
veyed from the ground and inaccessible 
areas were surveyed by plane with land- 
ings at such places as were feasible. 
Estimates were first made of the den- 
sities of the stands by making tree 
counts over a series of areas of approxi- 
mately one hectare (2.47 acres) in ex- 
tent, and a code was developed to indi- 
vate different densities. These were 
found to vary from 0 to 150 or more 
palms per hectare. With increasing ex- 


perience it was relatively easy to esti- 
mate the density of trees without making 
actual counts or reference to the code. 
In the case of the ground survey, esti- 
mates were made along both sides of the 
highways, kilometer by kilometer, over 
the visible distance between the highway 
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and horizon. The latter distance varied 
from a kilometer or less up to five or 
more kilometers. These estimates were 
recorded and later, after checking them 
one or more times from the air, they 
were transferred to a large-scale map. 


third estimate of an area was made, usu- 
ally from a different direction than the 
previous observation, an estimate of the 
density was made without reference to 
any prior estimate. 

After the survey was completed, all 
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In the aerial survey the densities were 
indicated on a map along both sides of 
the line of flight. A number of the areas 
were observed several times when they 
were crossed, going to or from previously 


unsurveyed areas. When a second or 


Map of distribution and density 


of mbocay4 in Central Zone of Paraguay 


the results were transferred to one of 
two maps having scales of 1:400,000 for 
the Central Zone (Fig. 4) and 1:800,000 
for the area designated as the North 
Zone (Fig. 5). The extent of the various 


mbocayé palm areas was then deter- 
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mined from the maps by means of a 
planimeter and the area multiplied by 
the weighted density factor to give the 
total number of palms for the zone. 
The estimated numbers of palms for 
individual areas and the grand totals for 


the Central and North Zones are given 
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tioned in a footnote of a report by Es- 
pinosa and Mendaro (9). 


Comparison of the accompanying 


maps and tabular data for the number 
of mbocayaé palms with previously pub- 


lished maps and data indicate that the 
area of occurrence and numbers of these 


in Tables Il and III. The data pre- palms have in the past been grossly ex- 
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sented in these Tables indicate that the 
Central Zone contains about six million 
mbocayé palms with somewhat more 
than haif a million in the North Zone. 
Scattered palms throughout these two 
zones probably do not exceed ten percent 
of the total. The number of palms cal- 


culated on the basis of the present sur- 
vey is in reasonably good agreement 
with the estimated eight million men- 


ireas in North Zone. 


aggerated. Large areas included in the 
“mbocayaé zone” of these earlier maps 
are devoid of mbocay4 palms or contain 
so few as to have no significance, while 
other areas contain only caranday or 
yatay palms (Butia yatay). 

Central Zone. Reference to the accom- 
panying maps reveals that outside the 
Central Zone there are no important 


areas of mbocayaé palms. The Central 
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TABLE II 


DIstTRIBUTION oF A. totai—CrENTRAL ZONE 


Area, 


Region hectares * 


Asuncién—Paraguari 
Altos—Escobar 
Carapeguia—Quiindy 
Villarrica-Mbocayaty-Ayaty ... 
Arroyos y Esteros 

Emboscada 

Escobar—Caballero 

Ybytimi 

La Colmena 
Borja—Iturbe 
Caazapa 


89,440 
70,240 
40,640 


Ybycui Scattered ‘ 
Scattered ‘ 
Scattered ‘ 


Grand total 218,720 


“See map. 

»One hectare equals 2.47 acres. 

* Few palms scattered over wide area, 
bly less than 10 percent of total. 


Zone can, moreover, be divided into two 
principal areas and several smaller, more 
or less isolated, ones with respect to the 
occurrence of this palm. The two main 
areas are separated by the long and 
broad Ypacarai drainage basin which 
includes Lake Ypacarai, the Rio Salado 
outlet to the Rio Paraguay, and Arroyo 
Pirayti and tributary inlet. Since the 


TABLE III 


DisTRIBUTION oF A. totai—NortHu ZONE 

Total 
esti- 
mated 
palms 


Area Aver- 
hec- age 
» density 


Region * 


tares * 


Curuguaty 

San Pedro .. 
Rosario 
Jejui—Aguaray Jct. 
Jejui-guaztii valley 


46,080 
5,760 
5,120 
3,840 


Scattered * 


460,800 
28,800 
25,600 
19,200 


Grand total 60,800 534,400 

“See map of North Zone. 

"One hectare equals 2.47 acres. 

° Range 5 to 40. 

“Few scattered over wide area. Total scat- 
tered palms throughout North Zone probably 
less than 10 percent of total. 


Density F 
x Total 


estimated 
palms 


ditties Weighted 
Range mean 
10 3,577 600 
20 1,404,800 
8 325,120 
4 25,920 
10 
10 
5 
5 


5,442,640 


Total scattered palms throughout Central Zone proba- 


railroad from Asuncion to the South fol- 
lows the southern edge of this drainage 
basin, it may also be taken as the divid- 
ing line between the two great mbocaya 
areas of the Central Zone 

Within these two principal areas there 
are marked variations in the concentra- 
tions of palms. Although not evident 
from the map which shows average den- 
sities for fairly large areas, there is much 
land, even within the relatively dense 
sections, where there are few or no 
palms. 


This palm-less land comprises 
farmlands, from which the palms have 
been removed, and terrain, in which the 
palm is not adapted. 

The mbocayaé palm is found only on 
the higher portions of hills and ridges 


and on elevated plateaus. As one goes 
down the slopes from the ridges the 
palms decrease in density and eventually 
vanish when the lower meadowland is 
reached. This succession of heavily 
palm-populated ridges and palm-less 
valleys and meadows is repeated over 
and over throughout the rolling terrain 
of the Central Zone. 
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The mbocayé palm is found prin- 
cipally in cultivated land or land which 
had once been cultivated. Only oceca- 
sionally in the Central Zone is it in 
wooded areas, and then it is usually evi- 
dent that the land had once been culti- 
vated and had returned to bush and for- 
est following abandonment of its use for 
agriculture. 

In sections where the land had only 
recently been brought under cultivation, 
the average density of mbocayd was 
usually low and the trees were obviously 
young, sometimes no more than seed- 
lings. The cross-hatched areas on the 
map of the Central Zone which carry no 
density figures generally represent the 
newer agricultural areas, for example, 
the areas around Caazap4, Iturbe and 
Colonia La Colmena to Ibyeui where 
the trees are few and scattered. A some- 
what older cultivated and hence denser 
palm area is evident between Carapegua 
and Quiindy. 

The densest area in the Central Zone 
lies south of and parallel to the rail- 
road, becoming less dense as the distance 
from the railroad increases. The long 
and broad southeast to northwest drain- 
age channel which divides the Central 
Zone is practically devoid of mbocayaé 
palms. This is generally true of the un- 
cultivated low-lying meadows and pas- 
ture land, whether it is the size of Ypa- 
carai drainage basin or merely a very 
narrow drainage channel. 

The distribution of the mbocayé palm 
within the Central Zone indicates that it 
is closely associated with the agricul- 
tural development of the land. The 
older and more intensely cultivated areas 
contain the greatest numbers of trees, 
sometimes in excess of 150 per hectare. 
The newest agricultural areas have the 
fewest palms and sometimes none at all. 
The meadowlands, which generally are 
not cultivated, are also devoid of palms. 

This relation between the presence of 
the mbocayaé palm and the intensity of 
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agricultural development has been ob- 
served qualitatively and remarked upon 
by others, but here it is reduced to a 
quantitative basis. The interdependence 
of the two has given rise to such expres- 
sions as “ the mbocaydé palm follows the 
plow” and “the mbocayé follows the 
ox’. Perhaps earlier it might have been 
expressed as “the mbocayé follows the 
planting stick”. According to Winkel- 
ried Bertoni, there is an ancient Guarani 
legend to the effect the mbocaya follows 
the Indian. These various legends may 
be summarized best by saying “the 
mbocaya follows the agriculturists ”. 

If this is true, and the evidence ap- 
pears to be overwhelming that it is, the 
question arises, where did the mbocaya 
originate and how does it spread? Two 
possibilities suggest themselves, one that 
the mbocayaé occurred in the past, and 
possibly still does, as an isolated tree or 
at least a tree of low density in the vir- 
gin forests, much as the pinddé does in 
the Alto Parana or in the montes in the 
lower Chaco. In the forest it continued 
to persist in varying but relatively small 
numbers, depending on its ability to 
compete with the surrounding vegeta- 
tion. The other possibility is that some- 
where in or contiguous to Paraguay the 
mbocay’ palm occurs in pure stands 
comprising large or small palmars from 
which it spread or was carried into cul- 
tivated areas. The first assumption 
could be verified, whereas, despite nu- 
merous reports to the contrary, no large 
pure stand of mbocayaé was observed by 
the author which could not be associated 
with the agricultural development of the 
area from which it was reported. 

Irrespective of its primary source, the 
mbocayé palm appears to have been 
spread principally by the agency of man 
and associated domestic animals through 
use of the fruit and kernels as food and 
feed. Concomitant with the movement 
of man, mboecayé nuts become scattered 
and find their way into the soil, often at 
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considerable distances from their point 
of origin. Where the fields are well cul- 
tivated the nut or 
covered to an optimum depth for germi- 
nation, and thus protected it emerges as 


seed soon becomes 


Central Zone contain the greatest con- 
centrations of palms (Fig. 6). 

Under the competitive environment of 
the forest just the reverse is true. The 


nuts or seeds have little chance of being 


Fic. 6 
a new plant. The better the cultivation 
the greater the chance that the seeds or 
nuts will find a environment 
for germination. It is not surprising, 
therefore, that the most intensely and 
thoroughly cultivated farmlands of the 


favorable 


Mbocay4 palms in cultivated land of Central Zone 


covered by soil, and if an occasional in- 
dividual germinating, the 
emergent seedling faces many hazards to 
survival. It may be devoured by the 
multitude of insects, birds or other forms 


sueceeds in 


of animal life which swarm in the forest: 
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it is subject to attack by microorgan- 
isms; and it may suffer from insufficient 
moisture or at times from excessive ex- 
posure to the sun. If the new plant does 
survive these and other hazards, it then 
has to fight for existence in competition 
with the surrounding plant life, much of 
which is better adapted for this struggle. 
It is easy, therefore, to understand why 
the mbocaya palm is found in large num- 
bers in cultivated fields and only as a 
comparatively rare plant in its normal 
environment, the mixed forest. 

North Zone. Although the foregoing 
theory of the occurrence and distribution 
of the mbocayaé palm seemed to hold 
throughout the Central Zone, it was per- 
sistently reported that large stands of 
this palm occurred in the less densely 
populated and agriculturally underdevel- 
oped North Zone, particularly in the 
vicinity of Curuguaty, San Pedro, Ro- 
sario and Concepcion. 

One report (20) states that one of the 
largest zones of (mbocay4é) lies 
within a 15-kilometer radius of Curu- 
guaty, in the Department of San Pedro. 
This area is literally covered with mil- 
lions of tons of mbocaya nuts that have 
fallen from millions of trees during past 
years. The zone is said to cover 90,000 
hectares, and it yields 50 to 100 times as 
many nuts as are now utilized each year. 

Because of the number and persistence 
of these reports, a separate survey was 
made of this zone, with particular atten- 
tion to the area in the vicinity of Curu- 
guaty. The areas in the North Zone 
where the mbocayaé palm was observed 
are shown on the accompanying map. 
The area observed from the air in the 
vicinity of Curuguaty comprised about 
500 square kilometers of dense forest 
and bush in which many palms could be 
seen. 

The densest stands were estimated to 
be about 40 per hectare and the average 
for the area about ten per hectare. All 
but a few were in heavy forest or dense 


coco 
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undergrowth. From the air the palms 
did not appear to resemble the mbocayaé. 
The crowns were small, and the trunks, 
which projected above the other forest 
trees, presented a  grayish-white or 
bleached appearance. 

This was the first time that the author 
had seen the mbocaya palm in apprecia- 
ble numbers in dense forest and appeared 
to contradict the theory that the mbo- 
cayé palm follows the plow which had 
been repeatedly confirmed everywhere 
else. 

A landing was made on a grass air- 
strip on the edge of the village of Curu- 
guaty, and the forest was explored at 
several places where the mbocaya palms 
were seen from the air. The appearance 
of the palm from the ground was as un- 
usual as from the air. It occurred as an 
individual specimen and in small groups 
in a relatively dense growth of bush and 
forest trees. Except along well defined 
trails, movement through the forest was 
impossible without first cutting away the 
bush undergrowth with a machete. 

All palms seen were very tall (50 to 
60 feet or more), and no seedlings or 
young trees were evident. The trunks 
were straight, and the bulges or bottle 
effect, seen so frequently in the mbocayaé 
of the Central Zone, was absent. The 
crowns were small despite the fact that 
they had not been cut for fodder as in 
the Central Zone. The trunks presented 
the same bleached appearance as from 
the air. Few spines were observed on 
the trunks except near the crown. Most 
of the trees were devoid of fruit or had 
a few bunches with relatively few fruit. 
Few of the palms were flowering, al- 
though the survey was made at the sea- 
son in which they should have been 
blooming heavily. There were also many 
obviously dead palms (straight trunks 
without crowns) which probably would 
have fallen except for the forest growth 
surrounding and supporting them. 

A search of the ground revealed only 
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a few scattered fruit. When the sandy 
soil was dug into with a machete, nuts 
from previous years were found down to 
a depth of several inches. Specimens of 
the fruit and nuts on the surface and of 
nuts below the surface were collected. 
Examination of these revealed that the 
fruit on the surface was normal, while 
the nuts from below the surface often 
(70%) contained no kernels. Generally 
these nuts had been parasitized by or- 
ganisms which had eaten or otherwise 
destroyed the kernels. 

The observations made in the vicinity 
of Curuguaty were so much at variance 
with those made elsewhere in Paraguay 
that it was difficult at first to believe 
that the same species of palm was being 
dealt with. 

A subsequent study of the history of 
Curuguaty revealed that the area had 
been a center of agriculture off and on 
from pre-Columbian times until after the 
war of the Triple Alliance (1865-70). 
Subsequently the area declined in popu- 
lation and in agricultural importance. 
The settlement of the area, its agricul- 
tural development, its subsequent decline 
and the return of the land to what now 
resembles virgin forest explain the ap- 
parently anomalous occurrence of the 
mbocayaé palm under conditions very 
different from those observed in the 
Central Zone. As in the Central Zone 
the palm apparently invaded the area 
when the land was cleared and put under 
cultivation. Later, when cultivation 
ceased, the fields returned to bush and 
forest, the established palms continued 
to grow and generally maintain their 
advantage by pushing their crowns above 
forest. However, reproduction gradually 
became repressed because the palm could 
not compete with the increasing forest 
vegetation. Eventually many of the 
palms passed the age of normal growth 
and reproductivity. Ability to form 
leaves, flowers and fruit declined with 
advancing senility, and eventually many 


of the palms died, some toppled over, 
others remained erect or semi-erect sup- 
ported by the forest surrounding them. 
Actually all facets of this picture could 
be observed in the area about Curuguaty. 

Today the area is not important, 
neither agriculturally nor as a source of 
mbocayaé palm fruit for the oil mills. 
The trees produce too little fruit, and 
such fruit as is produced cannot be 
gathered without first clearing and keep- 
ing clear the dense undergrowth. A de- 
pulping and nut cracking plant was 
erected in Curuguaty about 1947 but 
operated only two seasons because suffi- 
cient fruit could not be obtained. The 
difficulty of collecting fruit was increased 
by lack of population, and the isolation 
of the area made it uneconomical to 
transport the kernels and dried pulp to 
the mills for extracting the oil. 


Yield of Fruit 


Correlated with the problem of deter- 
mining the number and distribution of 
mbocayaé palms in Paraguay is that of 


estimating the annual production of 
fruit. The oil milling industry is less 
interested in the number of palms than 
in the yield and availability of the fruit. 
The latter is difficult to determine with 
exactness because of the many factors 
involved, principal of which is the vari- 
ation in the yield of fruit per tree. This 
yield is influenced by the age of the tree, 
its location, its treatment (cutting of 
leaves, number and degree of burns it 
has suffered, severing of roots during 
plowing and cultivation), climatic condi- 
tions, particularly rainfall and tempera- 
ture throughout the year, the number 
and severity of attacks by insects and 
microorganisms, ete. Besides the varia- 
tion in individual trees there is an an- 
nual variation which is a response to 
climatic conditions and to the cycle of 
high and low productivity. Consequently 
the total productivity for two successive 
years may vary greatly. 


16 ECONOMIC 


Many thousands of trees, especially in 
the Central Zone, produce exceedingly 
little fruit, sometimes no more than two 
or three poorly developed bunches. On 


the other hand, isolated trees may pro- 
large 


duce eight to ten well filled 


Fig. 7 


bunches. In the older and more intensely 
cultivated fields of the Central Zone the 
yield of fruit is generally low and will 
probably not more than ten 
kilos of air-dry fruit per tree. The yield 
of mature fresh fruit (averaging about 
35% moisture content) is, of 


average 


course, 
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higher. However, it is only the yield of 
thoroughly mature air-dry fruit which is 
of interest to the oil miller. 

A report attributed to Unilever Ltd. 
Mission in 1937 estimated a_ possible 
annual harvest of 100,000 metric tons of 


Bunches of mbocay4 fruits (left, 273; right, 520). 


fruit within access of oil mills with pos- 
sibly an additional 100,000 tons that 
could be made available by improved 
transportation. The same year the Banco 
Agricola estimated that 500,000 tons of 
fruit were produced annually by the 
mbocaya palms of Paraguay. The re- 
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port “ Aceite de Coco en el Paraguay ” 
(21) contains a map on which a figure 
of 1,200,000 tons of “ whole nuts ”’ is in- 
dicated, of which 1,000,000 tons is at- 
tributed to the Curuguaty area. A more 
recent report (9) refers to the produc- 
tion “each year of millions of tons of 
fruit ” in Paraguay. 

Such figures have usually been calcu- 
lated on the basis of an assumed number 
of palms and an assumed annual yield 
of fruit per tree. The most widely 
quoted figure is three to five bunches of 
fruit per tree. This figure was used by 
Bertoni (4) and appears to be reason- 
ably accurate, at least with respect to 
the cultivated areas of the Central Zone. 

In one field along the Asuncién-Caa- 
cupé highway, the number of bunches of 
fruit was observed by the writer to vary 
from three to eight and averaged five for 
all of the trees observed. Isolated trees 
were noted in other places (chicken lots, 
yards, etc.) which had as many as 17 
bunches of fruit. On the other hand, 
many trees, especially immature and 
very old ones, had none to at most two 
bunches of fruit. 

Equally variable have been the re- 
ports of the number of fruit per bunch. 
The Unilever Mission estimated that the 
mbocay4 palm produces an average of 
ten bunches of fruit per year with 500 
fruits per bunch. In a recent report (9) 
two bunches of fruit are shown, one with 
520 fruits and the other with 273 (see 
Fig. 7). Fruit-counts made by the writer 
on randomly selected well-filled bunches 
collected in the Central Zone ranged 
from 75 to 340. Many bunches were 
noted with no more than a few dozen 
fruits. No doubt bunches are produced 
occasionally with 500 or more fruits, but 
they are relatively rare. As exhibit ma- 
terial they are interesting, but they are 
of little or no value in arriving at figures 
for average yields. Perhaps five bunches 
and 200 fruits per bunch is a good aver- 
age for mature trees in the Central Zone. 


Reported data for the average weight 
per bunch is likewise very variable. Past 
reports give figures of 22, 20 to 30, 25 to 
35, and 15 to 50 kilos per tree. Whether 
fresh (mature) or air-dry weight is sel- 
dom stated. The fresh mature fruit con- 
tains about 35% moisture, but after 
separation from the tree and air-drying 
until an equilibrium moisture content is 
reached under normal climatic condi- 
tions in Paraguay, whole fruit will con- 
tain eight to ten percent moisture. In 
other words, fresh fruit will lose 25 to 
30% of its weight in drying to equi- 
librium moisture content. 

One oil mill made a careful analysis 
of the fruit and obtained an average 
value of approximately ten grams per 
fruit, having an average moisture con- 
tent of approximately eight percent. A 
sample composed of 40 fruits randomly 
selected by the writer from a group of 
300 had an average weight of 9.1 grams 
and a moisture content of 8.9%. 

Using a figure of five bunches of fruit 
per tree, 200 fruit per bunch, and ten 
grams per air-dry fruit, the average 
yield per tree can be calculated to be ten 
kilos or considerably less than the previ- 
ously reported 15 to 20 kilos. 

If it is assumed that the five and one- 
half to six million mbocayé palms of the 
Central Zone each produce an average 
of‘ten kilos of mature air-dry fruit per 
year, the total production would be 
55,000 to 60,000 metric tons. If the esti- 
mated yield per tree were doubled, as it 
might be in an unusually good crop year, 
the total production might be 110,000 to 
120,000 tons. The latter figures agree 
fairly well with the estimate of 100,000 
metric tons, within access to oil mills, 
made by the Unilever Mission in 1937. 

Although the annual yield of mbocaya 
fruit in the Central Zone fluctuates be- 
tween 55,000 and 120,000 metric tons, it 
cannot be assumed that this tonnage 
would be available for processing. In 
well cultivated fields much fruit is cov- 
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ered up during preparation of the land 
and cultivation of the crops. In fallowed 
brushy and wooded areas much of the 
fruit becomes lost in the undergrowth so 
that it is difficult or impossible to collect 
it. This situation occurs in areas like 
Curuguaty where collection of fruit in 
the dense forest is practically impossible. 
Thus a certain percentage of the crop is 
unavailable for processing. How much 
of the remainder may be collected and 
eventually arrive at the oil mill depends 
on the price, availability of labor, avail- 
ability and cost of transport, and other 
factors. 


Structure and Composition of Fruit 

Processing mbocaya fruit for oil pre- 
sents difficulties not generally encoun- 
tered in most oil-bearing materials. To 
understand these difficulties it is neces- 
sary to understand the structure and 
composition of the fruit. The fruit of 
Acrocomia palms differs from that of the 
larger and thicker shelled Orbignya 
(babassu) and Scheelea (coroba) and 
from the smaller and thinner shelled 
African oilpalm (Elaeis guineensis). The 
fruit of A. totai, like that of the African 
oilpalm, is composed of an outer thin 
epicarp, a pulpy mesocarp, a hard endo- 
carp or shell, and an inner kernel. How- 
ever, the epicarp (hull) of the mbocaya 
fruit is much tougher and more difficult 
to remove in the fresh state than is that 


TABLE IV 
DISTRIBUTION OF COMPONENTS AND MOISTURE 
iN FresH Mature Fruit or A. totai* 


Weight, Weight, Moisture 


Component %ot content, 
g. total Te 
Hull (epicarp) .... 25 18.1 443 
Pulp (mesocarp) .. 6.2 449 51.1 
Shell (endocarp) .. 3.9 28.3 15.2 
| en 12 8.7 149 
Whole fruit ...... 13.8 100.0 36.5 


*Data furnished through the courtesy of 
John L. Young, Algodones 8S. A., Asuncién, 
Paraguay. 
of the fruit of the African oilpalm. The 
shell of the mbocayaé nut or seed is also 
somewhat thicker and more difficult to 
crack than is that of the African oil- 
palm. 

The outer hull and the hard shell of 
the mbocayé fruit, being essentially 
cellulosic, are valuable only as fuel or, 
in respect to the shell, as a possible 
source of charcoal, The pulp and ker- 
nel, however, are rich in glyceride oils 
and other nutrient materials, and possess 
considerable economic value. 

The weight, the percentage of the total 
weight, and the moisture content of each 
component of mature fresh fruit are 
given in Table IV. Fresh mature fruit 
(35% moisture) weighs approximately 
14 grams, whereas air-dry fruit (8 to 
10% moisture) weighs nine to ten grams. 
The moisture is unequally distributed 
throughout the various parts of the fruit, 


TABLE V 


PERCENTAGE OF COMPONENTS OF A. totai Fruit * 


Component 
(Av. 8 samples) 


Range—Mehl (22) Commercial firm ” 
(Av. 10 samples) 


Commercial firm’ Landmann (13) 


| 
’ 
| 


Ry, ee arenes 16.7 19.6 15.0 15-18 
5 da cisigin 42.5 36.6 30.0 33-34 
ET so % os ciécake 29.0 343 40.0 39-41 
Oe eee 76 95 95 9-11 


* Air-dried to different moisture contents. 
» Unpublished analytical data (1948). 
* Yields of products in processing plant located at Tobati, unaccounted for loss 5.5% 
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TABLE VI 
Om Content oF MpocayA Pure AND KERNELS 


Pulp 
Authority 
Moisture, % 


Grimme (11) 

Négri and Fabris (17) 
Mehl and Cuevas * 
Andrada (2) 19.4 
Landmann (13) Not recorded 
Commercial firm ” 8.7 


18.0 


*Quoted by G. T. Bertoni (4). 
Unpublished work, 1948 


being lowest in the kernel and highest in 
the pulp and outer hull. 

Other workers have determined the 
percentage distribution of the compo- 
nents of this fruit, apparently air-dried 
to different moisture contents. Based on 
these data which are collected in Table 
V, it can be said that the fruit of the 
mbocaya palm is composed of 15-20% 
hull, 30-45% pulp, 28-41% shell, 7-11% 
kernel, depending on the moisture con- 
tent. The nut, therefore, represents 40- 
50% of the weight of the whole fruit. 

Bertoni (4) states that the content of 
moisture and oil of the pulp at the time 
of processing varies between 12 and 
20%, each. He also quotes Andrada (2) 
to the effect that 10 to 14% of oil is ex- 
tracted commercially, compared to ana- 
lytical values up to 24% oil content 
found in the laboratory. Landmann 
(13), on the other hand, states that the 
pulp contains 30 to 32% oil and that 17 
to 20% is recovered in the mill. All of 
these yields are very poor and appar- 
ently refer to hydraulic pressing. 

Data with respect to the oil content of 
the pulp and kernels from fruit dried to 
various moisture contents are collected 
in Table VI. These figures indicate that 
air-dry pulp contains 25 to 30% oil or 
8 to 10% of the weight of the whole air- 
dry fruit, and that the kernels contain 
approximately 60% oil or about 6% of 
the air-dry weight of the whole fruit. 


Kernel 
Moisture, % 
Not recorded 
148 
Not recorded 


3.2 


Because of the gross anatomic simi- 
larity of the fruits of A. totai and E. 
guineensis, most authors who discuss the 
commercial exploitation of the former 
tend to compare it with the latter. These 


authors, however, fail to present quanti- 
tative data with respect to the compo- 


nents and oil contents of the fruits of the 
two palms, without which the compari- 
sons are meaningless. 

The principal components of the fruit 
of the African oilpalm varies over a wide 


TABLE VII 
COMPARISON oF A. totat AND E. guineensis 
As Sources or On 


(Fresh Fruit Basis) 


E. guine- 


ensis 


A. totai 


Hull (epicarp) 
% Whole fruit 18 e 
Oil content, % None None 
Pulp (mesocarp) 
% Whole fruit 
Oil content, % 
Hull and pulp (pericarp) 
% Whole fruit ....... 63 
Oil content, % 8-11 


Kernel 
Yo Whole fruit 9-10 
Oil content, % ...... 60 


“Hull (rind) is too thin and soft to be sepa- 
rated from pulp. 

»Pulp (mesocarp) cannot be separated from 
soft hull or rind (epicarp). 
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ered up during preparation of the land 
and cultivation of the crops. In fallowed 
brushy and wooded areas much of the 
fruit becomes lost in the undergrowth so 
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TABLE IV 
DISTRIBUTION OF COMPONENTS AND MOISTURE 
iN FresH Mature Fruit or A. totai* 


ee aie : ‘ , Weight, Moisture 
that it is difficult 01 impossible to collect Component Weight, “oof” content, 
it. This situation occurs in areas like B. total % 
Curuguaty where collection of fruit in ale mr nd one 
aie Bceaad 2 ioe ake oothit. ull (epicarp) .... 2.5 ‘ a 
the dense forest is practically impossible. Pulp (nenoearp) 62 449 511 
Thus a certain percentage ol the crop is Shell (endocarp) 3.9 28.3 15.2 
a . ie 7 Patna ‘ 27 9 
unavailable for processing. How much Kernel ........... 1.2 8.7 14. 
: —"s 3 Whole fruit ...... 13.8 100.0 36.5 
of the remainder may be collected and 
eventually arrive at the oil mill depends *Data furnished through the courtesy of 
on the price, availability of labor, avail- John L. Young, Algodones 8. A., Asuncidén, 


ability and cost of transport, and other 
factors. 


Structure and Composition of Fruit 

Processing mbocaya fruit for oil pre- 
sents difficulties not generally encoun- 
To 
understand these difficulties it is neces- 
sary understand the structure and 
composition of the fruit. The fruit of 
Acrocomia palms differs from that of the 


tered in most oil-bearing materials. 


to 


Paraguay. 


of the fruit of the African oilpalm. The 
shell of the mbocaya nut or seed is also 
somewhat thicker and more difficult to 
crack than is that of the African oil- 
palm. 

The outer hull and the hard shell of 
the mbocaya fruit, being essentially 
cellulosic, are valuable only as fuel or, 
in respect to the shell, as a possible 
source of charcoal. The pulp and ker- 


° . > rever, are "Ee } rlveeride ils 
larger and thicker shelled Orbignya nel, however, are ric h in glyceride oils 
(babassu) and Scheelea (eorcba) and and other nutrient materials, and possess 
. ; considerable economic value. 
from the smaller and thinner shelled a ; ; 
African oilpalm (Elaeis guineensi . The Phe weight, the percentage of the total 


fruit of A. totai, like that of the African 


weight, and the moisture content of each 


‘Inal ‘—e hi component of mature fresh fruit are 
ollp: a se ‘ r : - om a a ‘Muar 
upaim, 1s composed of an outer thin given in Table IV. Fresh mature fruit 
epicarp, a pulpy mesocarp, a hard endo- (359 moisture) weighs approximately 


carp or shell, and an inner kernel. How- 
ever, the epicarp (hull) of the mbocayaé 
fruit is much tougher and more difficult 
to remove in the fresh state than is that 


14 grams, whereas air-dry fruit (8 to 
10% moisture) weighs nine to ten grams. 
The moisture is unequally distributed 
throughout the various parts of the fruit, 


TABLE V 


PERCENTAGE OF COMPONENTS oF A, totai Fruit * 


Range— Mehl (22) 


Component . 
eeaedi (Av. 8 samples) 


Commercia! firm ” 
(Av. 10 samples) 


Commercial firm * Landmann (13) 


16.7 


SEE dim xouoe 19.6 15.0 15-18 
rr 42.5 36.6 30.0 33-34 
Shell, % ..... 29.0 343 40.0 39-41 
Kernel, % ...... 76 95 95 9-11 


* Air-dried to different moisture contents. 
» Unpublished analytical data (1948). 
* Yields of products in processing plant located at Tobati, unaccounted for loss 5.5%. 
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TABLE VI 


Om Content or MaocayA Purp AND KerNeELs 


Pulp 
Authority 
Moisture, % 
Geteomne (OR) disddic thane 
Négri and Fabris (17) 
Mehl and Cuevas" 
Andrada (2) 


ae ay 18.0 
19.4 
is oss thy Not recorded 
Commercial firm” ......... 8.7 


*Quoted by G. T. Bertoni (4). 
” Unpublished work, 1948 


being lowest in the kernel and highest in 
the pulp and outer hull. 

Other workers have determined the 
percentage distribution of the compo- 
nents of this fruit, apparently air-dried 
to different moisture contents. Based on 
these data which are collected in Table 
V, it can be said that the fruit of the 
mbocayé palm is composed of 15-20% 
hull, 30-45% pulp, 28-41% shell, 7-11% 
kernel, depending on the moisture con- 
tent. The nut, therefore, represents 40- 
50% of the weight of the whole fruit. 

Bertoni (4) states that the content of 
moisture and oil of the pulp at the time 
of processing varies between 12 and 
20%, each. He also quotes Andrada (2) 
to the effect that 10 to 14% of oil is ex- 
tracted commercially, compared to ana- 
lytical values up to 24% oil content 
found in the laboratory. Landmann 
(13), on the other hand, states that the 
pulp contains 30 to 32% oil and that 17 
to 20% is recovered in the mill. All of 
these yields are very poor and appar- 
ently refer to hydraulic pressing. 

Data with respect to the oil content of 
the pulp and kernels from fruit dried to 
various moisture contents are collected 
in Table VI. These figures indicate that 
air-dry pulp contains 25 to 30% oil or 
8 to 10% of the weight of the whole air- 
dry fruit, and that the kernels contain 
approximately 60% oil or about 6% of 
the air-dry weight of the whole fruit. 


Kernel 
Oil, % Moisture, % Oil, % 
Not recorded 58.9 
a ie ca. 70 
16.0 148 58.0 
23.8 AME waka 
30-32 Not recorded 55-65 
25.7 3.2 60.5 


Because of the gross anatomic simi- 
larity of the fruits of A. totai and £. 
guineensis, most authors who discuss the 
commercial exploitation of the former 
tend to compare it with the latter. These 
authors, however, fail to present quanti- 
tative data with respect to the compo- 
nents and oil contents of the fruits of the 
two palms, without which the compari- 
sons are meaningless. 

The principal components of the fruit 
of the African oilpalm varies over a wide 


TABLE VII 
COMPARISON OF A. totait AND E. quineensis 
As Sources or Or 


(Fresh Fruit Basis) 


A. totai E. guine- 
ensts 

Hull (epicarp) 

% Whole fruit ....... 18 . 

Oil content, % ...... None None 
Pulp (mesocarp) 

% Whole fruit ....... 45 : 

Oil content, % ...... 12-15 
Hull and pulp (pericarp) 

% Whole fruit ....... 63 48-73 

Oil content, % ...... 8-11 44-73 
Kernel 

%o Whole fruit 9-10 6-13 

Oil content, % ...... 60 42-49 


“Hull (rind) is too thin and soft to be sepa- 
rated from pulp. 

"Pulp (mesocarp) cannot be separated from 
soft hull or rind (epicarp). 
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range, depending on selection or type, 
soil and climatic factors, cultural condi- 
tions, etc., compared to the much nar- 
rower range of the uncultivated mbo- 
vaya palm (see Table VII). For the 
African oilpalm the pericarp (outer hull 
and pulp) comprises 48 to 73%, and the 
nut 27 to 52% of the fresh mature fruit. 
The pericarp contains 44 to 73% oil, and 
the kernel, which comprises 6 to 13% of 
the whole fruit, contains 42 to 49% oil. 

The fresh mature fruit of A. totai is 
composed approximately of 18% outer 
hull containing little or no oil, 45% pulp 
containing only 12 to 15% oil, and 9 to 
10% kernel containing about 60% oil. 
The fruit of A. totat is a somewhat better 
source of kernel oil than is that of the 
African oilpalm, but a comparatively 
poor source of pulp oil. The average 
content of combined pulp and kernel 
oils, on a fresh fruit basis, is approxi- 
mately 11% for the mbocayé palm com- 
pared to approximately 40% for the 
African oilpalm. 


Processing of Fruit 


A great deal of effort has been ex- 
pended in trying to develop satisfactory 
equipment for processing mbocaya fruit. 
Samples of fruit and nuts have been sub- 
mitted to various manufacturers of 
African oilpalm-processing equipment in 
Europe and seed-processing equipment 
in the United States, but none of the 
existing standard equipment was found 
satisfactory and none of the manufac- 
turers was interested in modifying his 
equipment for use with mbocay4é fruit 
and/or nuts. However, machines for 
hulling, depulping, cracking and sepa- 
rating the various components of the 
mbocaya fruit have been developed and 
built locally. These machines are in- 
genious in principle, though often poorly 
made, owing to lack of proper metals 
and inadequate manufacturing facilities. 

Unfortunately the depulping machines 
operate successfully only with fruit dried 
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to the approximate moisture content 
which is in equilibrium with the atmos- 
phere. Natural drying of the whole 
fruit to this moisture content requires 
weeks and sometimes months, during 
which time the hydrolytic enzymes in 
the pulp split a large proportion of the 
oil into free fatty acids and glycerol. 
Generally only 40 to 60% of the recov- 
ered total oily materiai (lipids) is neu- 
tral oil. The remainder is a mixture of 
fatty acids. 

In order to obtain relatively neutral 
oil from the pulp, it would be necessary 
to process the fresh fruit directly from 
the trees, preferably by harvesting the 
whole bunches at maturity and process- 
ing them immediately, as is done with 
the African oilpalm. The common prac- 
tice with the African oilpalm is to har- 
vest the bunches of fruit, sterilize them 
within a few hours after harvesting to 
destroy or inactivate the enzymes, me- 
chanically strip the fruit, and then press 
or centrifuge the pulp oil from the fruit 
after first cooking it with steam or water. 

In the centrifugal process the water- 
oil mixture is separated from the nuts by 
centrifuging. The fiber is removed from 
the wet nuts which are then dried and 
cracked, and the separated kernels trans- 
ported to oil mills. The water-oil mix- 
ture from the centrifuge is allowed to 
stand in tanks to separate most of the 
water. It is then washed with hot water, 
and the oil is centrifuged to remove the 
last small amounts of water. In this 
way pulp oil with as little as two to five 
percent free fatty acid is obtained. 

It was thought that the same process 
might be used with mbocayaé fruit, but 
when samples were shipped to one manu- 
facturer of African oilpalm-processing 
equipment in England, it was found that 
the pulp oil could not be separated by 
the centrifugal process. This firm re- 
ported that cooking with steam and 
water produced a water-oil emulsion 
which would not separate, partly be- 
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rause of the low oil content of the pulp 
and partly because of the presence of a 
mucilaginous substance which appeared 
to act as a strong emulsifying agent. 

Rapid artificial drying of the whole 
fruit has been tried, but it is ineffective 
and costly. It is used, however, with the 
kernels after their recovery in the water- 
separation of shells and kernels. 

Both the whole fruit and kernels are 
sold to oil mills. Some kernels are still 
separated by hand-cracking, but much 
larger amounts are produced mechani- 
sally at the hulling and cracking plants, 
more than 20 of which are located at 
strategic points in the mbocayaé zone. 
The dry pulp from the defibering ma- 
chines and the separated kernels pro- 
duced by the cracking plants are shipped 
in bags to oil mills for extraction. Both 
materials are processed in continuous 
screw presses, although one firm extracts 
dried mbocay4 pulp in a continuous sol- 
vent extractor and some mills still use 
either hydraulic cage or box presses. 

The composition of the various pri- 


mary products and by-products produced 
in commercial processing of mbocayaé 
fruit are given in Table VIII. 


The Fruit Oils 
Pulp Oil. It is difficult to discuss the 


composition of mbocaya pulp oil or to 


compare it with other pulp oils, such as 
that from the African oilpalm, because 
the pulp of the mbocaya fruit contains a 
highly active fat-splitting enzyme which 
attacks the oil soon after the fruit ripens 
and hydrolyzes it to free fatty acids and 
glycerol. 

If the pulp oil is extracted and ana- 
lyzed about the time that the fruit is 
ripe, it will be found to consist princi- 
pally of neutral oil with 2 to 2.5% free 
fatty acids. If, however, the fruit is 
stored or allowed to dry naturally over a 
period of weeks or months and the pulp 
oil is then extracted, it will consist of a 
mixture of 40 to 60% neutral oil and 60 
to 40% free fatty acids. 

Owing to the inadequacy of present 
techniques and equipment, it is not pos- 
sible to process fresh mbocayaé fruit. 
The fruit is generally allowed to lie on 
the ground to dry partially and is then 
collected and stored for periods up to six 
months or more before it is processed 
(Fig. 8), by which time the oil has 
largely been converted into free fatty 
acids. 

Oil containing 40 to 60% free fatty 
acids cannot be refined and is of value 
only in the manufacture of soap or for 
the production of distilled or fraction- 
ated fatty acids. Even for these pur- 
poses it is less valuable than neutral oil 


TABLE VIII 


CoMPoOSsITION OF COMMERCIAL SAMPLES OF A. totai Propucts (14) 


Outer 
hull 
(Epicarp) 


. Pulp 
Constituent I 


Moisture (HO) 
Lipides (oil) 
Nitrogen 

Protein (N x 6.25) 
Crude fiber 
Sugars (total) 
Ash 

Potassium 
Phosphorus 
Calcium 


(Mesocarp) 


Pulp, 
expeller 


cake 


Kernel, 
expeller 


cake 


Shell 


. Cerne 
(Endoearp) Kernel 


22 ECONOMK( 


because during the enzymatic hydrolysis 
the glycerol, which is split from the oil, 
is lost. 

Good grade Sumatran or Malayan 
plantation palm oils, with which mbo- 
caya pulp oil would be expected to com- 
pete in the world market, are sold on a 
basis of 5% free fatty acids, calculated 
as oleic acid, and they often contain less 
than 2%. Congo plantation palm oils 
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fresh fruit. The two pulp oils differ ma- 
terially in the composition of their re- 
spective fatty acid glycerides. The lower 
titer value and higher iodine value of the 
pulp oil from A. totai indicate a higher 
content of oleic acid and a lower content 
of saturated acids as compared with 
African oilpalm. 

The fatty acid composition of the pulp 
oil of the African oilpalm is rather well 


a“ 


& : _ ) ‘. 
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are sold on the basis of 10% free fatty 
acids. African palm oils from wild trees 
may contain from 12 to 45% free fatty 
acids and are graded and priced accord- 
ingly. 

Table IX contains figures for some of 
the more important physical and chemi- 
eal characteristics of the pulp oils of A. 
totai (mbocay4) and E. guineensis (Afri- 
can oilpalm). The data reported by 
Landmann refer to oil extracted from 


Mbocaya fruit stored on ground outside of oil mill prior to processing. 


known, but only limited compositional 
data are available with respect to the 
pulp oil of the mbocayé palm. These 
data (Table IX) indicate that mbocay4é 
pulp oil is composed of glycerides con- 
taining 20% saturated acids and 80% 
oleic acid, whereas African palm oil is 
composed of glycerides containing 39 to 
50% saturated acids, 38 to 52% oleic 
acid, and 6 to 10% linoleic acid. 

Kernel Oil. In Table X data are given 
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TABLE IX 


CHARACTERISTICS AND COMPOSITION OF THE PuLP OILS oF A. 


Characteristic 


Specific gravity, 40° C. .......... 
Refractive index, 40° C, ......... 
Titer value, ° 
Iodine value 
Unsaponifiable matter, % 
Saponification value 
Free fatty acids, % palmitic 
Total fatty acids 

Iodine value 

Thiocyanogen value 

Saturated, % 

Oleic, % 

Linoleic, ‘ 


A. totat (14) 


totat AND E. guineensis 


A. totai (13) E. guineensis * 


0.898-0.901 ° 
1.453-1.456 
40-47 
44-58 
<08 
195-205 
d 


0.9240 
1,.4582-1.4607 
26.1-33.2 
54.5-66.7 
0.27-0.55 
200-209 


39-50 & 
38-52 © 
6-108 


“American Oil Chemists’ Society Standard for African palm oil. 


» Measured at 37.8° C. 
* Measured at 25° C. 


“Trading in palm oils is based on free fatty acid content. 


(See text.) 


eA. E. Bailey, Industrial Oil and Fat Products, 2nd ed., Interscience, New York, 1951, p. 158. 


for the more common chemical and 
physical characteristics of three samples 
of Paraguayan mbocaya kernel oil (14). 
Landmann (13) reported a range of 
properties for this oil which are shown 
in Table XI, together with those for the 
better known American palm kernel oils 
of commerce, and for African palm ker- 
nel and coconut oils. 

The outstanding difference between 
the characteristics of mbocaya kernel oil 


and those of other palm kernel and coco- 
nut oils is the higher iodine value and 
lower melting point of the former. The 
higher iodine value of mbocay4 kernel 
oil indicates a higher content of oleic 
acid and a lower content of saturated 
acids than in the other palm kernel oils. 
This is reflected also in the lower melt- 
ing point and titer value. From the 
compositional data in Table XI it is seen 
that mbocaya kernel oil is unique among 


TABLE X 


CHARACTERISTICS AND COMPOSITION OF A 


Characteristic 
Cr ude 


Refractive index (25° 
Iodine value .... 
Thiocyanogen value 
Saponification value 
Unsaponifiable, % 
Hvdroxy] No 

Color, yellow/red * 
Phosphorus, % 

Free fatty acids, % 

Free fatty acids, % palmitic 
Free fatty acids, % lauric 


29.2 

26.9 

243.3 
0.40 


Villeta (1943) 


1.4570 


totai Kerner On. (14) 


Asuncién (1943) 


Neutralized Crude, filtered 
1.4571 
298 
27.9 
242.1 
038 
6.5 
70/20.79 
0.0036 
6.52 
5.92 


4.63 


0.0006 


* Lovibond color units measured in 135-mm. cell. 
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American palm kernel oils with respect 
to its content of saturated and oleic 
acids. 

The higher content of oleic acid and 
lower content of saturated acids strik- 
ingly reflect the effect of climate on the 
composition of the mbocaya oils. All of 
the kernel oils except mbocaya in Table 
XI are products of tropical palms, 
whereas A. totai is found abundantly in 
the South Temperate Zone. In fact, 


oxen and other farm animals, especially 
during winter (dry season) when the 
pastures are dry and over-grazed. The 
leaves are cut close to the trunk of the 
tree, and the leaflets are stripped from 
the spiny rachis just beyond the ends of 
the spines. The leaflets also serve as the 
source of fiber for cordage of various 
types, weaving hammocks, mats, bags 
and fabrics. The flowers are used for 
decoration, especially at Christmas time, 


TABLE XI 
CHARACTERISTICS OF VARIOUS Patm KerNert Os anp Coconut On * 
American palm kernels 


African 
palm 


Characteristic Mbocaya (13) Coconut 


Muru- Ouri- 


Babassu 


Tucum Cohune kernel 


Iodine value 28.0-30.2 15.5 
Saponification 
value 
Density (60° C.) .. 
Refractive index 
(60° C.) 1.451-1.453 ‘ 
Unsaponifiable, 0.2-0.4 
Melting point, °C 20.0-23.0 
Titer, °C 19.7-21.0 
Reichert-Meiss! 62-76 
value 
Polenske value :.. 
Saturated acids, % 
Oleic acid, % 
Linoleic acid, % .. 


239-246 
0.915-0.920 ” 


247.0 
0.893 


1.443 
0.2-0.5 
22-26 
23.0 

5-7 


10-14 

67-68 (14) 
29-31 (14) 
2-4 (15) 


10-12 
82.5-85.4 
11.9-16.1 

14-28 


* Except for mbocaya kernel oil, data are from A. E. Bailey, Industrial Oil and Fat 


2nd ed., Interscience, New York, 1951. 
” Measured at 20° C. 
* Measured at 40° C, 


mbocaya is the only species of Acro- 
comia which is indigenous to this cli- 
matie zone. 


Utilization 


Native Rural. The mbocay4 palm has 
many uses (1, 19, 22), most of which are 
not germane to the present report and 
are mentioned here merely to indicate 
the importance of this plant in the rural 
economy of Paraguay. The trunk is 
used on the farm for the construction of 
houses, outbuildings and enclosures of 
various types. The leaflets are fed to 


9-14 


230-250 
0.893 


1.443 

03 
30.0 
27.0 


843 
13.2 


muru curl 


11.0 15.0 10-14 16-23 75-105 


242.0 257.0 


0.898 


248.0 
0.892 


250-264 
0.893 


250-255 
0.893 
1.440 1.44] 1.443 1.441 
0.1-03 
218-23 
20-24 


6-8 


03 04 0.4 
18.0 


24.0 
21.0 a i 
7.0 5-7 


26.0 


15-18 
91.2-91.7 
5.7-7.5 

0-2.6 


nei 14.0 10-12 

88.8 : 89.2 808 
10.8 3. 99 18.5 
04 . 09 0.7 


Products, 


and, according to Bertoni (4), the termi- 
nal bud or “ cabbage” and base of the 
involucral leaves are eaten raw in salads. 

Although almost all parts of the mbo- 
eayaé palm are important in the rural 
economy of Paraguay, it is the fruit that 
has the greatest value industrially and 
as a cash crop to the farmer. Like the 
fruit of most oilpalms in the Western 
Hemisphere, that of mbocaya was prob- 
ably utilized by the natives long before 
the arrival of Europeans. The early 
settlers no doubt learned of its uses and 
value from the Guarani. It has been 
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particularly prized for its sweet pulp 
which has served as food and feed for 
man and animals. The aromatic oily 
pulp is eaten by farm animals and is 
relished by children and even by their 
elders. When eaten by humans the tough 
outer hull of the fruit is removed and the 
mucilaginous pulp is sucked in the same 
manner as the mango. The hard inner 
nut or seed, to which the pulp fibers ad- 
here tenaciously, is often thrown away, 
but sometimes it is saved and allowed to 
dry prior to cracking it to remove the 
inner kernel.. Non-ruminant animals 
suck or chew the fruit to extract the 
mucilaginous pulp and reject the seed or 
nut. Ruminants, particularly the ox, 
beef and dairy cattle, eat the whole fruit 
and subsequently disgorge the depulped 
nut during the night or other periods of 
rest. Occasionally the nut may be passed 
through the digestive tract and be ex- 
creted in the feces. The act of regurgi- 
tation or excretion often occurs at some 
distance from the places where the fruit 
was ingested, thus providing an effective 
means of disseminating the plant. 
When left undisturbed on the ground 
the outer hull and pulp of the fruit dis- 
integrate through the action of the ele- 
ments and attacks by insects and micro- 
organisms, leaving the relatively clean 
hard nut. The nuts are frequently col- 
lected, dried and cracked to release the 
oil- and protein-rich kernels which are 
consumed in the home and sold in the 
markets. The dried nuts can be stored 
for long periods without deterioration. 
They are frequently carried by travel- 
lers and by workers when employed at 
considerable distances from their homes. 
Recovery of oil from the kernels has 
been practiced since remote times by the 
time-honored method of roasting the 
kernels, grinding them, and boiling the 
ground meal with water to release the oil 
which floats to the surface. This prac- 
tice was followed by aborigines through- 


out South and Central America wherever 
oilpalms were prevalent. 

Modern Industrial. Present-day com- 
mercial utilization of mbocaya palm in- 
volves recognition of five industrially 
useful products obtainable from it—pulp 
oil, kernel oil, kernel meal, kernel cake 
and extracted pulp. When the fruit was 
first subjected to commercial exploita- 
tion is not known with certainty, but it 
was not until about 1940 that serious 
efforts were made to mechanize the proc- 
essing of the fruit for the two types of 
oil. The growth of the processing indus- 
try can be traced in the figures of Table 
I. The combined export volume of all 
mbocayaé products in 1949 amounted to 
6,188 metric tons. 

KERNEL Ort. Kernel oil has been used 
locally in the manufacture of soap for 
about 50 years, and, according to one 
report (21), commercial production of it, 
at least to some degree, was under way 
as early as 1894. It was known in 
Europe prior to 1900. A few years pre- 
vious (17) and a few years later (11), 
reports were published on the chemistry 
of the oii. By 1951 production of the oil 
reached 2,849 metric tons, but in the 
subsequent two years the output de- 
clined as a result of unfavorable weather 
conditions. 

Prior to 1952 the kernel oil was used 
commercially only for the manufacture 
of soap, but in that year the oil was re- 
fined and marketed for edible use. The 
excess over domestic consumption was 
exported, principally to Argentina. In 
November, 1953, refining of mbocaya oil 
for edible use was prohibited (10), and 
the excess over that required by the 
domestic soap industry was diverted to 
export. The kernel oil can be refined to 
produce an edible grade cooking oil. 
Some efforts have been made to blend it 
with stearine and soft (yellow) oils to 
make shortening, but the product leaves 
much to be desired. 

The higher iodine value of mbocaya 
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kernel oil, or rather the higher content 
of unsaturated acid glycerides which the 
iodine value reflects, is advantageous in 
the culinary use of this oil because it 
insures that the oil will remain liquid at 
ordinary atmospheric but not refrigera- 
tor temperature. For culinary use care- 
ful refining of the oil is essential. The 
finished oil must free of 
soaps and moisture; otherwise slow hy- 


be of traces 
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drolysis occurs, with liberation of low- 
molecular weight fatty acids and devel- 
opment of disagreeable flavors and odors. 
The higher iodine value, as compared to 
that of other palm kernel oils, is a dis- 
advantage only in so far as it indicates 
less oxidative stability (rancidification), 
especially in the hot months of the year. 
As a class, palm kernel oils contain little 
natural antioxidant compared to cotton- 
seed, peanut and other soft or yellow 


oils. 
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Although there is great need in Para- 
guay for protein feeds for livestock, it is 
only in the past few years that these 
items have been fed, per se, or in the 
form of mixed feeds comprising the re- 
maining three mbocaya products, princi- 
pally to cattle. 

PuLe Om. Commercial production of 
pulp oil began somewhat later than did 
that of the kernel oil, and the output of 


eae 


ae 


Mbocaya palms in cotton field in Central Zone. 


it has not exceeded 1,125 tons in any one 
year. The oil, which is inferior to that 
of the kernel, has been used locally fo 
soap, and the excess exported. 


Economic Importance 


It is common belief that when a Para- 
guayan farmer clears land for agricul- 
ture, he carefully preserves the mbocaya 
palms on it. This is probably true to a 
degree, especially where the land has 
been cultivated previously and aban- 
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Fic. 10. Mbocayi palm recently killed by 
snout bectles 


doned, and has gone back to bush and 
forest, and therefore contains varying 
numbers of these palms. More often, 
however, the mbocaya palm is present in 
the farmer’s fields because it is an ex- 
ceedingly persistent and extremely diffi- 
cult plant to eradicate, especially with 
the implements the farmer has hereto- 
fore had at his disposal. Owing to its 


extensive root system, severing the roots 
near the surface through cultivation of 
the land will not destroy it. It with- 
stands fire applied year after year to 
destroy old crop residues, grass and 
weeds. It withstands repeated cutting 
of its leaves for feed for oxen and de- 
nudation by leaf-cutting ants and cater- 
pillars. 

It is, however, susceptible to a number 
of natural enemies, and the introduction 
of the steel plow, dise cultivator and 
other modern agricultural implements 
has resulted in a decreased survival of 
seedlings and to some reduction of the 
number of palms in the more intensely 
cultivated fields. 

In the past the farmer, especially the 
small farmer, has not been too interested 
in controlling the spread of the mbocay4é 
palm, primarily because it has supplied 
food and feed for his family and live- 
stock, and more recently a cash income 
through the sale of fruit and kernels for 
oil milling. He has, however, never con- 
sidered what the presence of these palms 
has cost him in loss of productivity of 
the land in terms of his cultivated crops 
(Fig. 9). 

The mbocayé palm with its efficient 
root system reaches far from its base for 
soil nutrients and water which are ob- 
tained at the expense of the cultivated 
crops. Its crown, though less extensive 
than that of many other trees, neverthe- 
less serves to deprive the cultivated crop 
of sunshine. The reduced growth and 
undernourished condition of the 
around the base of each palm is readily 
observed in almost any field. 


crops 


Where these crops have little economic 
value, this loss in potential production 
may not be important and may be com- 
pensated for by the return obtained from 
the palm. Where the cultivated crop 
possesses a high economic value, the loss 
in production may be many times the 
return gained from the palm. 

Besides the soil-depleting effect that 
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the mbocaya palm has on cultivated 
farmland, it possesses other hazards to 
agriculture, such as serving as a host for 
various insects and microorganisms. The 
palm is subject to attack by a highly 
destructive stem borer or snout beetle 
(Rhyna barbirostris) , the larvae of which 
insect, known locally as “ mbuct”’, was 
reported in 1945 by Molas (16) to at- 
tack the mbocaya and pindo palms. Luis 
S. Alvarez, STICA phytopathologist, 
noted in 1952 that the borer was preva- 
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tion produced by them. 


lent in the vicinity of Caacupé where it 
had attacked and killed a number of 
mbocaya palms (Fig. 10). The grubs of 
the beetle rapidly devour the entire in- 
terior of the palm except the long cellu- 
losic fibers (Figs. 11 and 12). The 
interior becomes filled with a yellowish 
watery liquid which runs from it in a 
stream when the dead or dying trunk is 
incised. The grubs metamorphose to the 
beetle stage and emerge in large num- 
bers to repeat the cycle in other palms. 
The activity of these beetles can be de- 
tected by the tell-tale holes about a 
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half-inch in diameter along the trunk of 
the palm. 

It has been observed that considerable 
numbers of mbocayaé palms suffer from 
a leaf-blight apparently caused by a 
fungus, probably Pheecophora acro- 
comiae, which has been reported to at- 
tack A. sclerocarpa in Brazil and the 
yatay palm (Butia yatay) in Paraguay. 
This fungus disease is readily detected 
by the yellow blotches with black centers 
which form on the leaves. 


The fungus 


Longitudinal section of mbocayé palm showing grubs of snout beetles and destruc- 


appears to spread rapidly, especially at 
certain seasons of the year. It was ob- 
served to be prevalent in the mbocaya 
palms near Caacupé in the same area 
where the snout beetle was active. 
Young trees seem to be more susceptible 
than older ones. It is not known whether 
cultivated crops are affected by the same 
fungus, since no studies appear to have 
been made of the relation of this palm 
disease to the leaf-blights which affect 
the principal field crops of Paraguay. 
There is evidence that the mbocayé 
palm itself suffers malnutrition which is 
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manifest in many trees in a_ typical 
bottle effect of the trunk. So many 
specimens of mbocaya in the Central 
Zone exhibited this effect that it ap- 
peared superficially to be a species char- 
acteristic. The malnutrition results from 
a variety of causes, including depletion 
of soil nutrients, severe and prolonged 
drought, injury through attacks of in- 


less than five new factories were erected 
between 1951 and 1953 to process mbo- 
saya pulp and kernels. 

There is a continuing interest in estab- 
lishing still other mills, although the 
capacity of the present ones* exceeds 
the supplies of raw material for year- 
‘round operation. The competition for 
raw materials is resulting in increasingly 


Fig. 12. Longitudinal section of mbocayaé 
cellulose fibers caused by snout beetles. 


sects and microorganisms, and fire. It is 
notable that this characteristic, while 
evident to various degrees in the in- 
tensely cultivated Central Zone, was not 
observed in the mbocayé palms in the 
forest around Curuguaty. 

The rapid rise of the mbocayé palm- 
processing industry and the belief that 
Paraguay possesses untold millions of 
these palms has attracted considerable 


No 


capital to the vegetable oil industry. 


p 


alm showing complete destruction except for 


higher prices being paid to the farmer 
and in more efficient operation of the 
mills. It 
and less 
operation. 

It seems improbable that the fruit 
from wild palms can be depended on 
indefinitely to supply the major portion 
of raw material of the already over-ex- 


is also forcing the smaller 


efficient mills to discontinue 


8In 1953 
oil mills in Paraguay. 


there was a total of 26 vegetable 
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panded processing industry. To supply 
sufficient raw material for capacity op- 
eration of existing oil mills would require 
that the mbocayaé palm be put under 
plantation cultivation, that the presently 
cultivated oilseed crops be expanded or 
that, new ones be introduced. 

Whether the oil-processing industry 
should continue to depend on spontane- 
ous sources of mbocaya fruit or produce 
it as a plantation operation is worthy of 
careful consideration. Since A. totat has 
never been grown even experimentally 
as a cultivated crop, any discussion of 
the advantages and disadvantages of 
such an operation is at best no more 
than speculation. There are some facts 
derived from experience with the African 
oilpalm that are probably applicable to 
A. totai. 

In a plantation system the yields of 
fruit and oil per unit of area can be 
greatly increased by careful selection of 
the seed stock, proper cultural practices 
including spacing pattern, fertilization, 
pruning, harvesting, etc. In establish- 
ing the African oilpalm plantations, se- 
lections were made on the basis of the 
number of bunches of fruit per tree, ratio 
of pulp to nut, oil content of the pulp, 
and thickness of the shell of the nut. 
This program, carried out over many 
years, raised the production of palm 
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(pulp) oil to more than 3,000 kilos per 
hectare and kernel oil to more than 300 
kilos per hectare. 

It does not follow, however, that the 
same characteristics apply equally in se- 
lecting mbocaya seed stock. Respecting 
African oilpalm, the pulp oil is of pri- 
mary importance and the kernel oil sec- 
ondary. At the present stage of de- 
velopment of equipment and methods 
for processing mbocaya fruit, the kernel 
oil is more valuable than the pulp oil. 

However, it would be desirable to se- 
lect mbocaya seed stock on a basis of 
thin hull of the fruit and thin shell of the 
nut. Minimizing both of these charac- 
ters would lead to increased ratios of 
pulp and kernel to the whole fruit. If 
the oil content of the pulp and kernel 
could also be increased in the same se- 
lections, the total yield of oil per fruit 
would be appreciably increased. 

The proper spacing of mbocaya palms 
for maximum production of fruit is un- 
known and would have to be determined 
by experiment. It is of interest to cal- 
culate the theoretical yields of oil per 
hectare planted with mbocayé palms 
spaced, four, six, eight and ten meters 
apart in the row, and rows ten meters 
apart, and assuming a yield of eight 
bunches of fruit per tree, 200 fruit per 
bunch, ten percent pulp oil, and six per- 


TABLE XII 


CaLcuLATeD YIELD oF Or 


eee Pree 10 x 10 
Trees per hectare* .......... 100 
Buches of fruit*® ............5. 800 
oe. ee 160,000 
Weight of fruit®, kg./ha. ........ 1,600 
a La OF ee 160 
Kernel oil *, kg./ha. ............. 96 
Pulp and kernel oil, kg./ha. ...... 256 


*One hectare equals 2.47 acres. 
* Approximate planting rate for African oilpalm. 
* Assuming bunches per tree per year. 
“ Assuming 200 fruit per bunch. 

e Assuming average weight of air-dry fruit is 10 grams 
‘ Assuming pulp oil in air-dry fruit is 10%. 
®* Assuming kernel oil in air-dry fruit is 6%. 


peR HecTare FOR SeveraL Types or A 


. totai PLANTATIONS 


10x8 10 x6 10x 4 
125° 166 250 
1,000 1,328 2,000 
200,000 265,600 400,000 
2,000 2,656 4,000 
200 265 400 
120 159 240 
320 424 640 
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cent kernel oil per air-dry fruit. In do- 
ing so it should be borne in mind that 
the number of bunches per tree and of 
fruit per bunch would probably be af- 
fected by the spacing, that is, either the 
number of bunches per tree or the num- 
ber of fruit per bunch, or both might in- 
crease as the spacing distance increased. 
The calculated data are given in Table 
XII. The combined yield of puip and 
kernel oil per hectare for spacings of 
10x 10, 10x 8, 10x 6, and 10x 4 meters 
are 256, 320, 424 and 640 kilograms, re- 
spectively. These figures are not im- 
pressive when compared to total yields 
of pulp and kernel oils of 3,570 kilo- 
grams per hectare reported by Cramer 
(8) from African oilpalm plantations in 
North Sumatra. If, however, they are 
compared with the figures in Table XIII 
it is seen that, for spacings of 10 x 6 and 
10x 4 meters, the calculated production 
of oil per hectare is greater than the 
average factory yields from any non- 
tree oilseed. Planted at spacings of 
10x 8 meters, the calculated production 
of oil per hectare is greater than the 
average factory yields for any non-tree 
oilseed except sesame and sunflower. 
Admittedly the calculated figures in 
Table XII are based on two arbitrary 


TABLE XIII 
Averace Factory YIELDS oF Om. FROM 
Various OILSEEDS 


Oilseed Oil, kg./ha. 


Palm and palm kernel" ..... ,790 
Coconut (copra)” .......... 818 
ON atadieis boxy s keene 420 
Rapeseed (colza)* .......... 392 
ae Eee 308 
ES oS P wii ciey ns weer’ 230 
(ON Babs Sa pene Mes 193 
I os cle thir a's wes a aseaa 190 


* Netherland Indies, 1936. 

» Philippine Islands, 1932. 

© Nicaragua, 1947. 

“France, 1930-39 average. 

e France, 1946-47 average. 

* United States, 1937-46 average. 


assuinptions, namely, production of eight 
bunches of fruit per tree and 200 fruit 
per bunch. A. totat palms have been 
observed with up to 17 bunches of fruit 
per tree and with more than 500 fruits 
per bunch. It is conceivable, therefore, 
that the figures in Table XII might be 
increased considerably through selection 
of high-yielding seed stock and good cul- 
tural practices. 

One advantage of a palm plantation 
over the same area planted with an 
annual oilseed crop is that the former, 
once established, would require much 
less labor per year to produce a crop. 
During the first three or four years the 
palms could be interplanted with market 
type legumes, such as beans or peas, and 
later with pasture types for green ma- 
nure or grazing. These practices would 
tend to maintain the fertility of the soil, 
conserve moisture and provide additional 
revenue. 

A further advantage of plantation pro- 
duction of A. totai is that the oil mill 
can be centrally located with respect to 
the plantings, thus reducing the cost of 
transportation of the fruit to a mini- 
mum. African oilpalm fruit is processed 
on the plantation, establishment of such 
processing iacilities being necessitated 
by the perishable nature of the fruit. 

The principal disadvantage in the 
plantation system is the capital invest- 
ment required to establish it. Establish- 
ment of African oilpalm plantations is 
even more costly, but once in operation, 
the cost per unit of oil produced in terms 
of human labor is the lowest of any oil- 
seed crop (8). 
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Indian Corn in Old America. Paul 
Weatherwax. xii+253 pages. Macmillan 


Co. 1954. $7.50. 

A truly great heritage that modern Amer- 
ica, and other parts of the world to a smaller 
degree, acquired from the aborigines of the 
New World is corn. Out of the thousands 
of variations in this extremely mutable plant 
that very likely existed countless generations 
ago, the American Indians, especially in the 
highlands of Peru but also elsewhere, se- 
lected and thus preserved for posterity cer- 
tain more valuable forms. Had it not been 


for their intervention, modern man might 
not have corn at all, for the plant cannot 
exist in the wild without care and cultiva- 
tion, and the potentially valuable variations 


among countless useless ones that may have 
existed at one time might have been lost 
forever. What was the original plant like 
and where did it grow? These two questions 
have plagued botanical science for more than 
five centuries, and have been the particular 
concern of a few botanists who have sought 
the answer. One of these botanists has been 
Professor Weatherwax of Indiana University, 
and in this admirably written book he has 
presented, among many other aspects of 
corn, a very objective evaluation of the vari- 
ous hypotheses that have advanced 
toward answering these two queries. 

When the New World was first explored 


been 
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The Seminole Pumpkin’ 


The authors here present evidence that Cucurbita mos- 
chata, of which numerous cultivated varieties are known 
and the nativity of which has been in doubt, is an in- 
digenous species of Florida, and that the Seminole 
pumpkin, long used by the Floridian aborigines, is its 


prototype. 


A. T. ERWIN anv E. P. LANA 


lowa Agricultural Experiment Station, Ames, Iowa 


In the Everglades of Florida, a pump- 
kin is found which has existed there from 
pre-Columbian times. Mark Catesbury, 
the earliest botanical explorer of this 
region, 1732, of whom we find any rec- 
ord, mentions this plant. Likewise Wm. 
Bartram, who collected in this region in 
1765, reported an “ ariel’ pumpkin along 
the St. Johns River. 

Is this plant an indigene and the feral 
type of a species from which numerous 
cultivated varieties have been derived, 
or is it an introduction from Central 
America? Small (10), in describing this 
plant, noted “ origin undetermined ”’. 

Consideration of the evidence as to its 
nativity is the objective of this paper. 
This plant, known as the “ Seminole 
pumpkin ”, now exists only in the re- 
mote Everglades, though formerly it was 
widespread in Florida. 

The absence of stiff setae, the recurved 
tip of the vine, the fimbriated margin of 
old seed, the hard ridged and furrowed 
peduncle with a flaring base, clearly de- 
fine the Seminole pumpkin as a form of 
Cucurbita moschata Poiret. In this con- 
nection it may be noted that Cucurbita 
moschata is a multifarious species. The 
fruits vary widely from the clavate type, 
such as the Cushaw, to the distinctly 
oblate, as in the Cheese group. In one 

1 Journal paper No. J-2758 of the Iowa Agri- 


cultural Experiment Station, Ames, lowa. 
Project No. 1105. 
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variety the peduncle is atypical, being 
round instead of ridged and furrowed. 
This type of peduncle appears to be the 
plant designated by Pangalo (9) as C. 
mixta. However, it is so closely related 
to C. moschata that it can hardly be con- 
sidered as other than a subspecies of C. 
moschata. 

The Seminole pumpkin came to the 
notice of the senior author some 30 years 
ago. It has been grown at Ames at vari- 
ous times. In Iowa the vines grow lux- 
uriantly, but in most seasons the pistil- 
late flowers appear too late for the fruit 
to mature. 

The fruits collected from the Ever- 
glades, through the courtesy of Robert 
Mitchell, are small, about five inches in 
diameter, globular, slightly furrowed, 
skin a light buff, flesh orange red, and 
texture fine grained. When baked, the 
flavor is excellent. When stored, a waxy 
covering appears over the fruit. We 
have held specimens until the following 
May, in prime condition. 

The Seminoles regard this pumpkin as 
one of their ancient food plants and in- 
sist that it was grown by their ancestors 
long before the white man invaded their 
country. The Florida Everglades are 
one of the few primeval areas unspoiled 
by the white man in the United States, 
and it is in the possession of the only 
tribe of uneconquered Indians in this 
country. The plant still maintains itself, 
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unaided by man, including its climbing 
habit, an ariel, as mentioned by Bartram. 
Bailey (1) was interested in the Semi- 
nole pumpkin and made a trip to Florida 
to collect specimens, following which he 
reported, “ There appears to be nothing 
in the Seminole cultivation of this pump- 
kin to suggest the nativity of Cucurbita 
moschata. These people grow only well 
developed rather than the primitive 
forms of this species’. The fact should 
be noted, however, that the term “ Semi- 
nole ” embraces two distinct tribes, each 
with its own dialect. These are the 
Muskogees and the Miccosukees. The 
former occupy the area extending from 
the Northeast to the Northwest of Lake 
Okeechobee. The Miccosukees live in 
the Big Cypress Swamp to the south and 
southwest of the lake. The majority of 
their camps are located in the remote 
interior, quite inaccessible to the white 
man, as our soldiers found out. The 
older members of the tribe live the eso- 
teric lives of their ancestors and proba- 
bly have been less influenced by the 
white man than any other tribe in the 
United States. 

Mr. Robert Mitchell, a Florida plants- 
man who has worked intimately with the 
Miccosukees for upwards of half a cen- 
tury, was consulted by the senior author 
regarding the Seminole pumpkin. Mr. 
Mitchell submitted the following state- 
ment: “The Muskogees are employed 
more or less by the white man and do 
grow the cultivated varieties, as stated 
by Bailey. The same is true of some of 
the younger families of the Miccosukees 
who live near the border of their reser- 
vation. Such is not the case with their 
“amps in the remote interior of the Big 
Cypress Swamp. Here they grow only 
the primitive Seminole pumpkin. In my 
contact with these people, extending up- 
wards of half a century, they have con- 
sistently adhered to a definite type as 
their pumpkin. The environs of this 
plant, coupled with its past history, leads 
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one to the conclusion that the Seminole 
pumpkin is a native plant of the Ever- 
glades ” 

Well preserved specimens of rind, seed 
and peduncle, identified as Cucurbita 
moschata, have been recovered from the 
Cliff Dweller ruins of the Southwest. 
These specimens are from the Basket 
Makers, dating back to 1500 to 2000 B.c. 
The Basket Makers are the oldest people 
in the United States, of whom we have 
any record, states Kidder (7). Likewise, 
Melvin Gilmore (6) identified this spe- 
cies from the vegetal fragment recovered 
from the Ozark Bluff Dwellers. 

The Hopis, a tribe of the Southwest, 
grow a type of C. moschata which they 
insist is one of their ancient food plants. 
The archaeological evidence seems to 
support their claim. 

The cushaws, a type of C. meschata, 
were evidently grown over a wide area 
of the United States in pre-Columbian 
times. Beverley (3) (1772) reported 
that the Indians of Virginia had growing 
near their towns: “ Cushaws . . . they lay 
by, which will keep for several months ” 
According to Lodge (8), the modern 
spelling is derived from Cashaw, origi- 
nally Kashan, an old term of the Chip- 
pewas, meaning hard shell. The Chippe- 
was were a tribe of the upper Mississippi 
valley. 


Guatemalan Cucurbits 


Exeavations in the pre-Columbian 
mounds at Uaxactun, Department of 
Peten, Guatemala, contain fragments of 
a cucurbit. Vestal (12), who identified 
them as C. moschata, suggested Guate- 
mala or Mexico as the habitat of this 
species. In this connection he quotes 
Erwin (5) in supporting an American 
origin as evidenced by the Seminole 
pumpkin and the Basket Maker speci- 
mens. The Seminole evidence he dis- 
misses by quoting Bailey, “the Semi- 
nole grow only cultivated varieties of 
pumpkins”. As to the Basket Maker 
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Fic. 1. Seminole pumpkin of the Miccosukees in the Florida Everglades. The recurved 
vine tip and the soft grayish appearance characterize this type as a form of Cucurbita moschata. 
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Fic. 2. The Seminole pumpkin of the Flor- 
ida Everglades. A primitive food plant of the 
Miccosukees 


material, “it merely establishes a long 
use of C. moschata in the United States ”’ 
True archeological material 
merely adds supporting evidence and 
does not establish the nativity of any 
plant. In this connection the Uaxactun 
specimens establish neither its long use 
in Guatemala nor its habitat in that 
ecuntry, inasmuch as these specimens 
are comparatively geologically 
speaking 

An important means of determining 
the area of origin of a given genus is by 


enough, 


recent, 


locating the region displaying the great- 
est diversity of forms of that genus. 
Bailey (1), in his excellent monograph, 
Species Cucurbitae, enumerates the fol- 
lowing species of this genus as indige- 
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nous to southern United States or north- 
ern Mexico. Biologically speaking, this 
area is to be considered as a unit: Cucur- 
bita texrana Gray; C. fraterna Bailey; 
C. Palmeri Bailey; C. cylindrata Bailey ; 
C. digitata Gray; C. palmata Watson; 
C. californica Watson; C. scabridifolia 
Bailey; C. foetedissima H.B.K. and C. 
okeechobeensis from the Florida Ever- 
glades. 

Stanley and Steyermark (11), in their 
latest survey of the flora of Guatemala, 
list three species of Cucurbita, namely, 
C. ficifolia Bouché; C. Lundelliana 
Bailey; and C. pepo L. We seriously 
question C. pepo as having a place in 
this list. C. pepo and C. terana are 
closely allied species. It is entirely pos- 
sible that C. pepo is simply the culti- 
vated forms of which texana is the proto- 
type. As suggested by Bailey, “I think 
it is possible for the big oleraceous 
things we know as Cucurbita pepo to 
have developed from a plant much like 
C. texana”. C. pepo is represented in 
the Basket Maker material referred to 
under C. moschata. 

De Candolle (4) suggests that the 
area showing the greatest diversity of 
forms within a given species is indicative 
of the place of its origin. 

The collection of cucurbits at the Iowa 
Agricultural Experiment Station showed 
a far greater number of oe. 
moschata than the senior author ob- 
served in either Mexico or Guatemala. 
However, in view of the activity of our 
plant breeders, an agency but little uti- 
lized in the countries named, the factor 
suggested by De Candolle is difficult to 
evaluate. 


forms 


In brief, we have ten species of the 
genus Cucurbita indigenous to the United 
States and the bordering area, and three 
credited to Guatemala. Two of the 
latter we would call in question. The 
cultivated varieties of C. pepo found 
there, we regard as evolved from C. tex- 
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ana, its feral type. Likewise, the varie- 
ties of C. moschata grown there, find 
their prototype in the Seminole pumpkin 
of the Florida Everglades. 
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by the Spanish, French and English in the 
sixteenth and seventeenth centuries, they 
found corn cultivated over a tremendously 
extensive area, not continuously but scat- 
tered and highly concentrated in some 
regions, from southern Ontario to the pam- 
pas borders of the Argentine. Nowhere, in 
this vast expanse, has corn ever been found 
in a truly wild state, and nowhere has a 
genuine fossil of it been discovered, despite 
reports to the contrary. Most famous of the 
latter concerned an allegedly petrified ear 
some years ago in a curio shop in Cuzco, 
Peru, which was later placed in the Smith- 
sonian Institution. It even given a 
scientific plant name, but years later, when 
finally subjected to dissection, was found to 
be a cleverly made artifact containing three 
small pellets of clay in an enclosed cavity 
which had probably served as a child’s rattle. 
Many archeological deposits of corn have 
been located, but they, too, shed no light on 
the botanical origin of this great crop plant; 
the oldest of them, in caves of New Mexico 
once inhabited by primitive men of the 
American Southwest, have been estimated on 
the basis of radiocarbon analysis to be be- 
tween 3,500 and 4,500 years old. 

As a result of this lack of direct evidence 
concerning the origin, botanically and geo- 
graphically, of corn, it has become necessary 
to seek the most acceptable solution through 
botanical analysis, and this has directed at- 


was 
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Cucurbita moschata 


Reviews 


tention to two other 
grasses—Euchlaena, 


American genera of 
commonly known as 
“ teosinte ”, and T'ripsacum—which resemble 
corn closer than any other plants. Out of 
such studies came the hypothesis, years ago, 
that teosinte actually is wild corn; at an- 
other time that cultivated corn arose as a 


hybrid between teosinte and some other 
plant. The latest explanation, proposed in 
1939 and based on extensive genetic and 


other evidence, maintains that pod, or tuni- 
eate, corn, which has persisted from ancient 
times, is essentially wild corn; that cultivated 
corn developed from it somewhere in the 
vicinity of Bolivia and Paraguay; and that 
teosinte came into existence recently, proba- 
bly as late as A.D. 600, through hybridiza- 
tion of corn and Tripsacum. Pod corn is a 
form in which each kernel on an ear is sur- 
rounded by six small, enveloping, husk-like 
structures which in some variations are an 
inch or two in length so as to completely 
conceal each kernel, just as the larger husk 
envelops the entire ear. 

Doctor Weatherwax, in his book, discusses 
the pros and cons of all these hypotheses, 
especially that concerning pod corn, since it 
has attracted considerable attention the past 
decade, and then coneludes: 

‘By way of summary it may be noted 
that: although the tunicate character is 
primitive in quality, and it is admitted that 
the wild maize plant must have had its grains 
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Influence of Enzymes on the Quality of 
Processed Vegetables and Fruits 


These organic catalysts—peroxidases, polyphenol oxi- 
dases and pectic enzymes among them—must be inacti- 
vated by heat or chemical treatment if high-quality food 
products are to be stored. Knowledge of their activity 
and control is still meagre. 


RACHEL U. MAKOWER 


Western Utilization Research Branch, Agricultural Research Service, 
United States Department of Agriculture, Albany, California} 


The availability of high quality foods 
is the common concern of the housewife 
and the food specialist. To improve 
quality standards in processed foods re- 
quires continuous search for new know!l- 
edge and careful application of known 
facts to processing and storage problems. 
One of these problems is the understand- 
ing and proper control of enzymes. 

Enzymes are specific biochemice! cat- 
alysts present in all living tissues. 
They affect the quality of processed 
foods by producing chemical changes in 
vegetables or fruits before, during and 
sometimes after processing. Many of 
the post-harvest enzymatic reactions are 
undesirable; with few exceptions (4), 
they result in loss of nutritive value and 
in poorer flavor, texture and color of the 
canned, frozen or dehydrated product. 
To insure good quality, these enzymes 
must be inactivated by heat or chemical 
treatment. Most of the troublesome en- 
zymes and their products have not been 
identified; yet, in practice some test to 
indicate adequacy of enzyme inactivation 
must be employed. For example, the en- 
zyme peroxidase may have nothing to do 
with quality deterioration in frozen or 
dehydrated vegetables, but, because of 
its high heat stability, it is used for test- 

1 Presented before the 45th Annual Conven- 


tion of the American Home Economics Asso- 
ciation, San Francisco, California, July 8, 1954. 
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ing the adequacy of scalding (blanching) 
(5, 8, 9). Sealding to the point of a 
negative peroxidase test, under standard- 
ized conditions, results in a product, 
after a period of storage, with a better 
flavor, texture and color and a greater 
retention of ascorbic acid than does a 
shorter heat treatment (1). 

Adequate scalding alone does not al- 
ways insure good quality. Bruised vege- 
tables, such as viner-shelled peas, held 
for only a few hours before scalding and 
freezing, result in a less tender product 
with a pronounced off-flavor (7). Here 
is an unsolved enzyme problem, the un- 
desirable consequences of which can be 
avoided by prompt cooking or scalding 
of the bruised vegetable. 

A group of enzymes that have been ex- 
tensively studied are polyphenol oxi- 
dases. Many frozen fruits turn brown 
during processing as a result of poly- 
phenol oxidase activity. Heat inactiva- 
tion of these enzymes prevents browning, 
but imparts an undesirable cooked flavor 
to the frozen product. With sliced 
frozen peaches and other frozen fruits 
the best quality is obtained by adding 
ascorbic acid to the sugar syrup. The 
syrup minimizes discoloration of slices 
by excluding oxygen necessary for the 
enzyme-catalyzed browning; ascorbic 
acid effectively prevents browning by 
being preferentially oxidized by the in- 
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itial (colorless) products of polyphenol 
oxidase activity. Only after all the as- 
corbie acid had been oxidized, can the 
fruit begin to turn brown. This may 
occur in thawing of the fruit. The en- 
zymatic browning of frozen and dehy- 
drofrozen apples, packed chiefly for the 
baking industry, is usually controlled by 
treatment with inexpensive sulfurous 
acid (12). Use of sulfurous acid or sul- 
fiting in foods is not permitted in some 
States. 

In preparing frozen fruit purees, 
widely used in making ice creams and 
sherbets as well as commercial jams and 
jellies, a short heat treatment under 
controlled conditions of time and tem- 
perature has been found most successful 
in controlling polyphenol oxidase activ- 
ity (2). The course of polyphenol oxi- 
dase inactivation in pear puree with time 
at different temperatures and with tem- 
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Fic. 1. Inactivation of polyphenoloxidase in 
pear puree at various temperatures. Repro- 
duced from Dimick et al. (2), with the permis- 
sion of the authors and publishers of Food 
Technology. °C.: 75, 80, 83, 85, 87, 90. °F.: 
167, 176, 181.5, 185, 188.5, 194, 
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Fic. 2. Inactivation of polyphenoloxidase in 
pear puree during an 8-second processing treat- 
ment at various temperatures. Reproduced 
from Dimick et al. (2), with the permission of 
the authors and publishers of Food Technology. 
°C.: 30, 50, 70, 90. °F.: 86, 122, 158, 194. 


perature at a given time is illustrated in 
Figures 1 and 2. As yet none of the 
methods used to control the browning 
produced by polyphenol oxidases is 
wholly satisfactory. Here again much 
additional research is required. 

The role of pectic and related enzymes 
is important in determining final quality 
of processed fruit and vegetable prod- 
ucts. Pectic enzymes are sometimes 
added to apple and prune juices to 
clarify them and improve filtration (13, 
14). More often, however, pectic en- 
zymes are not wanted. In processing 
tomato products, the scalding of toma- 
toes before crushing and/or rapid heat- 
ing of the freshly crushed material pre- 
vent excessive thinness of the juice or 
paste caused by the pectic enzymes (6). 
Likewise, flash heating of citrus juices 
before canning or concentration for 
freezing inactivates enough enzymes to 
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insure cloud stability and a tastier prod- 
uct (3). Although much progress has 
been made in the study of pectic en- 
zymes in connection with food quality, 
some basic problems still remain to be 
solved. 

An example of an indirect and far 
more complex enzymatic problem is pre- 
sented by the carbohydrate changes in 
the raw material, such as potato tubers, 
prior to processing. Excessive darkening 
and off-flavor in potato chips and in de- 
hydrated potato products may occur 
when reducing sugars accumulate in the 
tuber during cold storage. This darken- 
ing appears to be due to a reaction be- 
tween carbonyl and amino compounds; 
these are non-enzymatic chemical reac- 
tions involving chiefly reducing sugars 


et al. (Unpub.). and/or their phosphates, and amino 
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Reducing sugar content and its effect on chip color in Russet Burbank and White 


Rose potatoes stored 0 to 18 weeks at 40°F (4.5°C.), followed by four weeks at 34°F. (1°C.) and 


at 70°F. (21°C.). 
November 20, 1953, Washington, D. C. 
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acids or proteins. The relationship be- 
tween non-enzymatic darkening (brown- 
ing) and reducing sugar content of po- 
tatoes used in dehydration is illustrated 
in Figure 3. It has been shown recently 
that the reducing sugar phosphates pro- 
duce more color than the corresponding 
non-phosphorylated sugars (10). It is 
not known yet how these reducing sugars 
and their phosphates arise or disappear 
in the tuber; further study is necessary 
for an intelligent control of these com- 
pounds before or during processing. The 
influence of storage time and tempera- 
ture, as well as variety, is important in 
determining the reducing sugar content 
of the potato tubers and, therefore, their 
non-enzymatie browning on dehydration. 
Figure 4 shows differences in reducing 
sugar content in two varieties of potatoes 
after time intervals at different storage 
temperatures and the effect on chip color. 

A large number of enzymes are in- 
volved in carbohydrate transformations 
(11). This problem illustrates the com- 
plexity as well as the consequences of 
numerous stepwise and cyclic reactions 
along several alternate pathways, all 
mediated by specific enzymes (11). 
Such enzymatic reactions are character- 
istic of metabolic processes which control 
the quality of processed fruits and vege- 


tables. Our knowledge to date is a small 
beginning. Only many years of inten- 
sive fundamental research by many 


people can and will solve the complex 
problems of enzymes and food quality. 


References 


1. Dietrich, W. C., Lindquist, F. E., Bohart, 
G. 8., Morris, Herman J., and Nutting, 
Marvel-Dare. Effect of degree of en- 
zyme inactivation and storage tempera- 
ture on quality retention in frozen peas. 
Food Research 20: 1-12. 1955 


2. 


~I 


10 


Dimick, K. P., Ponting, J. D., and Ma- 
kower, B. Heat inactivation of poly- 
phenolase in fruit purees. Food Technol. 
5: 237-241. 1951. 

Keller, G. J., Rice, R. G., MeColloch, R. 
J., and Beavens, E. A. Stabilization of 
frozen citrus concentrates by heat treat- 
ment. Food Technol. 8: 195-200. 1954. 

Kohman, E. F. Onion pungency and onion 
flavor; their chemical determination. 
Food Technol. 6: 288-290. 1952. 

Lindquist, F. E., Dietrich, W. C., Masure, 
M. P., and Boggs, M. M. Effect of en- 
zyme inactivation on quality retention 
in frozen brussels sprouts. Food Tech- 
nol. 5: 198-199. 1951. 

MecColloch, R. J., Keller, G. J., and 
Beavens, E. A. Factors influencing the 
quality of tomato products. I. Surface- 
localized pectic enzymes inactivated by 
blanching. Food Technol. 6: 197-199. 
1952. 

Makower, R. U., and Ward, A. C. Role of 
bruising and delay in the development of 
off-flavor in peas. Food Technol. 4: 46- 
49. 1950. 

Masure, M. P., and Campbell, H. Rapid 
estimation of peroxidase in vegetable ex- 
tracts—an index of blanching adequacy 
for frozen vegetables. Fruit Prod. Jour., 
23: 369-374. 1944. 

——, Dietrich, W. C., Lindquist, E. F., 
and Blackwood, L. C. A rapid test for 
adequacy of blanching in frozen brussels 
sprouts. Food Technol. 7: 363-366. 
1953. 

Schwimmer, S., and Olcott, H.S. Reaction 
between glycine and the hexose phos- 
phates. Jour. Am. Chem. Soc. 75: 4855- 
4856. 1953. 

———. Enzymes. Enzyme systems of the 
white potato. Jour. Agr. Food Chem. 1: 
1063-1069. 1953. 


Talburt, W. F., Walker, L. H., and Powers, 
M. J. Dehydrofrozen apples. Food 
Technol. 4: 496-498. 1950. 


Walker, L. H., Nimmo, C. C., and Patter- 


son, D. C. Preparation of a frozen ap- 
ple juice concentrate. Food Technol. 5: 
148-151. 1951. 


, and Patterson, D. C. 


Preparation 


of fresh Italian prune juice concentrates. 
1954. 


Food Technol. 8: 208-210. 


Chinese Herbal Medicine —Recent Studies 


JOSEPH MONACHINO 
New York Botanical Garden 


Early in 1955 there became available 
at The New York Botanical Garden a 
mimeographed copy of Hsieh Yu's “ Our 
National Cultural Legacy—Chinese 
Herbal Medicine” (11 pages; no date, 
but inscribed January 24, 1955). This 
paper first gives a brief historical review 
of ancient medicine in China and then 
touches on recent studies by Chinese 
workers. Brief references without bib- 
liography are made to the findings of the 
Pharmaceutical Department of Aca- 
demia Sinica and various chemists and 
physiologists, e.g., P. F. Chang, V. S. 
Chang, Y. T. Chang, H. T. Ching, C. K. 
Chuan, C. H. Fu, P. Kang, S. L. Liu, 
F. H. Lu, J. S. Tsai, T. F. Wang, P. J. 
Wu, P. H. Yen. Many of the plants 
mentioned have an old history; it would 
seem that their special consideration by 
Hsieh Yu indicates that they have been 
found interesting in the light of modern 
investigation. The Chinese names of the 
species, as well the botanical, are 
given; there are references to most of 
them in E. Bretschneider, Botanicon 
Sinicum, Part 2, “The Botany of the 
Chinese Classics”, 1892, and Part 3, 
“ Botanical Investigations into the Ma- 
teria Medica of the Ancient Chinese ” 
1895. In the paragraphs to follow, brief 
comments will be made on the main ma- 
terial which was presented by Hsieh Yu 
under the heading: “ Achievements on 
the Study of Chinese Herbal Medicine 
during the Five Years after Liberation. 
Clinical and Pharmacological Research 
on Chinese Medicine ” 

ACONITUM LycoctonuM L. (Ranun- 
culaceae). The root inhibits growth of 
Ustilago hordei, Staphylococcus aureus 
and Streptococcus. 


as 
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The genus comprises more than 100 
species, if finely defined, chiefly North 
Temperate perennial herbs with tuber- 
ous or thickened roots and showy flowers. 
It contains powerful poisonous alkaloids. 
A. napellus L. yields aconitine; A. ferox 
Wall. is the Bish poison of Nepal. There 
are about a score of species native to 
America. A. lycoctonum and others are 
sometimes cultivated. The former has 
several varieties inhabiting China, Japan 
and Siberia. 

AGRIMONIA JAPONICA Koidz. 
ceae.) The roots are antiseptic. 

The genus contains approximately 
score of perennial herbs with fibrous or 
thickened roots. The species have a 
similar general aspect. There are six in 
the Manual Range. A. japonica is like 
A. eupatoria L., the more common and 
wide-spread species in the Old World. 
Our native A. gryposepala Wallr., and 
some other American species, were at 
first not distinguished from A. eupatoria. 
Agrimony was regarded highly by the 
medieval herbalists. It was reported 
useful for healing ulcers. 

ANEMONE CHINENSIS Bunge. (Ranun- 
culaceae.) The root is used against 
amoebic dysentery. It was tried clini- 
‘ally in hospitals at Shanghai and Wu- 
han and its value confirmed (People’s 
Daily News). 

Anemone, in a broad sense, is a genus 
of about 100 species of perennial herbs 
growing mostly in the North Temperate 
zone. A. chinensis belongs to the group 
Pulsatilla. There are two widespread 
pulsatillas in the northwestern United 
States, A. ludoviciana Nutt. and A. occi- 
dentalis S. Wats. American pulsatilla 
was grown in the western United States 


(Rosa- 
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during the First World War. One of the 
Eurasian pasque-flowers is A. pulsatilla 
L. Pulsatilla (the fresh or dried herb 
obtained from Eurasian or American 
species) is known in the drug trade. It 
has an acrid taste, a volatile oil and a 
crystalline vesicant principle; it is used 
in the treatment of amenorrhoea and 
dysmenorrhoea. 

ANGELICA SINENSIS Diels. (Ammia- 
ceae.) The root is used as a sedative in 
dysmenorrhoea. Its therapeutic value 
was proved in 129 cases (257 times). 
Both the decoction and tincture are 
uterus-contracting agents. They have 
been used in the trade under the names 
‘Tanenol ” and “ Gimerial”’. The fluid- 
extract of the root was introduced into 
European medicine under the name 
“ Eumenol ”. 

Angelica, in a broad sense, comprises 
about 50 species of herbs. There are 
about a score in North America. Arch- 
angelica is often considered a subgenus 
of Angelica. The Eurasian A. archan- 
gelica L. is sometimes cultivated. This 
species, as well as A. atropurpurea L., a 
stout herb found along river banks and 
ditches in the northeastern United 
States, is used in medicine in a minor 
capacity. The Chinese species is some- 
times considered a variety of A. anomala 
Lallem. or A. polymorpha Maxim. 

ARECA CATECHU L. (Arecaceae.) The 
seed extract and decoction showed a 
100% cure for pork tapeworm and 94.1% 
cure in 120 cases of cestodiasis. It is 
effective in treatment of ascariasis. In- 
festation with broad tapeworm can be 
cured by oral administration of Areca- 
seed decoction. Fasciolopsis buski in- 
festation was cured 54.7% after a single 
dose, 98.4% after three successive doses. 
Areca as an anthelmintic has a history 
of 1400 years. 

There are about a score species of 
Areca. Hsieh Yu did not specify which 


had been tested, but the common betel- 
nut is the one most probably meant. A. 
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catechu (the specific name is sometimes 
spelled cathecu, as Linnaeus did in the 
main text of Species Plantarum) is a 
large palm with pinnate leaves. The 
fruit is elliptic, up to 5 em. long. The 
single seed is hard, round-conical, up to 
3 or 4 em. long, slightly bitter. The tree 
grows in the East Indies, southern China 
and from India to Malaysia. It is cul- 
tivated and perhaps sporadically natu- 
ralized in the American tropics. Several 
varieties are recognized. The anthel- 
mintie activity of Areca-nut (contains 
arecoline) is known to modern medicine. 

ARTEMISIA VULGARIS L. (Asteraceae). 
The leaves were effective against ten 
Gram-positive bacteria. 

The genus is very large, comprising 
more than 100 species ranging from an- 
nual herbs to perennial shrubs, all pun- 
gently aromatic and often with a charac- 
teristic scent for each species. About 40 
are North American. The sagebrushes 
are species of Artemisia. A. vulgaris is 
a native of the Old World but has be- 
came established throughout most of 
eastern United States, where it is often 
a thorough pest. It is a rhizomatous 
herb, up to 1.5 m. tall. Species of Ar- 
temisia have figured in medicine: A. cina 
(Berg) Willkomn., A. absinthicum L., A. 
frigida Willd., A. brotanum L., ete. A. 
vulgaris was formerly official, used in 
epilepsy, chorea, amenorrhoea. 

ASTRAGALUS HOANTCHY Fr. (Faba- 
The roots were effective against 
ten Gram-positive bacteria. 

Astragalus is an immense cosmopolitan 
genus, variously interpreted as consisting 
of 250 to 1600 species. A. hoantchy is 
in the section Phaca. According to Ryd- 
berg, there are 99 species of Phaca in 
North America. A. hoantchy is de- 
scribed as having a stout stem up to one 
meter tall. The roots were a famous 
Chinese remedy for sun exposure; they 
were soaked in water and the cool water 
was drunk. 

BRUCEA JAVANICA (L.) 


ceae.) 


Merr. 


(Sima- 
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roubaceae.) The fruits were effective 
(72-100% ) and economical in the treat- 
ment of amoebic dysentery. Toxicity 
was slight. The chemotherapeutic index 
was greater than that of emetine and 
carbazone. Use of Brucea in treatment 
of amoebic dysentery was described as 
early as 1765 av. The fruits recently 
were also found effective against tertian 
(95.1% cure), quartan (77.7% cure) and 
malignant malaria (46.1% cure). They 
compared favorably with atabrine and 
plasmoquin. They were reported as 
more effective and less toxic than Di- 
chroa febrifuga Lour. 

There are about half a dozen species 
of Brucea. B. javanica (= B. amaris- 
sima (Lour.) Desv. ex Gomes; B. suma- 
trana Roxb.) is a shrub, up to 4 m. high. 
The drupes, dark-red when ripe, are 
ellipsoid, small, 7-9 mm. long, borne in 
a large number in racemoid infrutes- 
cences. The pericarp is thin, searcely 
fleshy. The species is widely distributed 
from tropical India and southeastern 
China through Malayasia and the 
Philippines to Australia. It was culti- 
vated in Leopoldville, in the Belgian 
Congo. B. antidysenterica J. F. Mill (= 
B. ferruginea L’Herit) and B. macro- 
phylla Oliv. are African. The seeds of 
B. javonica have appeared in the drug 
trade as “ Kosam Seeds” or “ Fructus 
Bruceae’’. In a survey of plants for 
antimalarial activity conducted in the 
Research Laboratories of Merck & Co. 
at Rahway, the Simaroubaceae were 
found promising (Lloydia 10: 145-175. 
1947). 

CODONOPSIS TANGSHEN Oliver. 
panulaceae.) The roots are used as a 
general tonic. T’sang-shen has been 
listed as an important Chinese drug, em- 
ployed as a substitute for Ginseng. The 
genus comprises 40 to 50 species, native 
to Asia. C. tangshen is a climber with 
a stem up to three or four meters long. 
The root is rather long and thickened; 
when broken it emits a white sticky 


(Cam- 


juice. Several species of Codonopsis, in- 
cluding the present one and C. clematidea 
Clarke, have been cultivated. They need 
protection out-of-doors in the northern 
portion of the United States. 

CoptTis TEETA Wall. (Ranunculaceae.) 
The roots were effective against ten 
Gram-positive bacteria, especially in in- 
hibiting Mycobacterium tuberculosis. 
They were bacteriostatic against Staphy- 
lococcus aureus. 
an antiseptic. 

The species was not cited by Hsieh 
Yu, but C. teeta is the classic one that, 
in several varieties (= C. anemonaefolia 
Sieb. & Zuec.; C. chinensis Franch.; C. 
orientalis Maxim.), grows in China, 
Japan, India and Burma, and has fig- 
ured as a Chinese drug. It is about 30 
em. high; the leaves are usually trisect, 
the leaflets sharply incised into bristle- 
tipped lobes; the rhizome is slender and 
yellow. The genus comprises about 15 
species, native to the North Temperate 
and Arctic Zones. The American and 
the Oriental species are closely allied bo- 
tanically. The gold-thread, C. trifolia 
(L.) Salisb., is familiar in the northeast- 
ern United States (most commercial sup- 
plies are obtained from the Blue Ridge 
district). It has also been reported from 
Japan and China. Some botanists claim 
that the American variety is different 
and name it C. groenlandica Fern. 
Three species comparable in size to C. 
teeta occur in the Northwest, C. occi- 
dentalis (Nutt.) Torr. & Gray, C. lacini- 
ata Gray, C. asplenifolia Salisb. The 
latter two are very closely related. C. 
occidentalis, which grows in quantity in 
Montana and Idaho, has been suggested 
as a commercial source of coptine and 
berberine, alkaloids contained in the 
gold-thread. Coptis has been used as a 
bitter tonic and as a remedy in chronic 
inflamations of the mucous membrane. 

CORNUS OFFICINALIS Sieb. & Zuce. 
(Cornaceae.) The seeds were bacterio- 
static against Staphylococcus aureus. 


The roots are used as 
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The genus comprises about 45 species, 
growing chiefly in the temperate regions 
of the Northern Hemisphere, dominantly 
in North America and Asia. C. offici- 
nalis is a shrub with flowers in dense yel- 
low cymes; the drupes are scarlet when 
ripe, oblong, about 1.5 em. long. In the 
New York area, the very similar C. mas 
L., Cornelian cherry, is more commonly 
cultivated. The edible fruits mature in 
the fall. The only American species that 
appears to be in the same section of the 
genus as C. officinalis is the Californian 
C. sessilis Torr. The bark of C. florida 
L. was found by Merck & Co. tests 
(Lloydia 10: 150) the show specific ac- 
tivity against Plasmodium cathemerium 
in the duck when administered with the 
diet at a concentration of 2%. 

CoryYDALIS AMBIGUA Cham. & Schlecht. 
(Fumeriaceae.) The roots are used as 
an anesthetic. 

The genus comprises about 100 species 
growing in the North Temperate zone 
and South America. C. ambigua is a 
low herb with a globular tube two to 
three em. broad. C. longiflora Pers., 
from Siberia, has a similar tuber. C. 
sempervirens (L.) Pers. and _ other 
American species have a different root 
system. Species of Corydalis are amen- 
able to cultivation. 

DIcHROA FEBRIFUGA Lour. (Saxifra- 
gaceae.) The root has an alkaloid, di- 
chroine, with an antimalarial activity 
about 100 times as strong as quinine. 
Use of the plant as an antimalarial was 
first recorded about 2000 years ago. 

The genus is a member of the tribe 
Hydrangeae and comprises about half- 
a-dozen species of shrubs native to Asia. 
D. febrifuga grows to 3 meters tall, 
with a stem three to five centimeters 
thick; the leaves are opposite; the 
flowers and fruit are bluish. If broadly 
defined, the species has a range from 
India (temperate Himalaya, Khasia 
Mts.) and southern China to Malaya. 
C. B. Clarke, in Hooker’s “ The Flora of 


British India ” (1878), placed D. cyanea 
(Wall.) Schlecht., D. sylvatica (Rein- 
wardt) Merr. and Admaia_ chinensis 
Gardn. & Champ. in the synonymy of 
D. febrifuga, but noted that the flowers 
of the Chinese varieties are larger than 
those of the Indian specimens. Anti- 
malarial tests with roots, stems and 
leaves conducted by Merck & Co. work- 
ers (Lloydia 10: 169) were declared ex- 
cellent. Material from India, however, 
gave a much poorer yield of active prin- 
ciple than that from China. The tox- 
icity of Dichroa is an unfavorable qual- 
ity for the practical employment of the 
drug. 

ERYTHRINA INDICA Lam. (Fabaceae.) 
The bark was bacteriostatic against 
Staphylococcus aureus. 

The species is considered a synonym 
of E. variegata var. orientalis (L.) Merr. 
It is common in the Indo-Malaysian 
province. This tree is also cultivated in 


the tropies elsewhere and sometimes 
escapes. E. spathacea DC., originally 


described as a new species from Santo 
Domingo, was based on an escaped speci- 
men of the oriental variety. The genus 
comprises about 100 species, half of 
which are American. Erythroidine was 
isolated in 1937 from seeds of E. ameri- 
cana Mill. Related alkaloids, also pos- 
sessing a curare-like action, were found 
in many other species. The seeds of 
many species of Erythrina are poisonous, 
but those of E. edulis are sold in local 
markets for consumption. 
EUCOMMIA ULMOIDES Oliv. 
aceae. ) 


(EKucommi- 
The bark was found definitely 
hypotensive and non-toxic. The Pharma- 
cological Department of Academia Sinica 
has studied it, using the neutralized de- 
coction for intravenous injection on dogs. 
Blood-pressure was lowered for a long 
period. The tincture was tried on 119 
cases of hypertension for one to 23 
months with 42.8% cure. 

The family Eucommiaceae is 
typic. 


mono- 
The genus is sometimes placed in 
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the Trochodendraceae. E. ulmoides is a 
tree up to 20 m. tall, somewhat resem- 
bling an elm. It has curious rubber 
strands in the bark, leaves and fruits. 
It is native to China, but can be culti- 
vated in the United States, north to 
Massachusetts. There are fine speci- 
mens growing in the New York Botani- 
val Garden and the Brooklyn Botanic 
Garden. The species was first described 
from a cultivated specimen. It can be 
raised from seeds or cuttings. The Chi- 
nese drug was esteemed for various he- 
patie diseases, and as a diuretic, tonic 
and aphrodisiac. 

GinkGo BILOBA L. (Ginkgoaceae.) The 
juice of the fruits became anti-tubercu- 
losic after immersing in oil for three 
months. This activity was not lost upon 
sterilization at 100 degrees C. for 30 
minutes. The Pharmaceutical Depart- 
ment of the Central Research Institute 
of Hygiene reported that daily adminis- 
tration of 150 mg./kg. of the extract of 
oil-immersed Ginkgo fruits showed defi- 
nite effect on guinea-pigs infected with 
Mycobacterium tuberculosis. The fruit 
is a widely used drug for tuberculosis in 
China. 

The Ginkgoaceae is a monotypic fam- 
ily. The Maiden-hair Tree is the sole 
survivor of an ancient race of world- 
wide distribution. G. biloba (= Salis- 
burya adiantifolia Sm.) is a dioecious 
tree of picturesque ornamental habit 
which attains a height of about 40 m. 
It is not attacked by insects and is re- 
sistant to diseases. It starts bearing 
fruit when about 25 years old. The 
fruit, maturing in the fall, is orange- 
colored, glaucous, ellipsoid, drupe-like, 
about 2.5 em. long; the pulp is ill-smell- 
ing and acrid; the thin-shelled usually 
2-angled biconvex stone or nut contains 
an edible sweet kernel. Handling the 
pulp sometimes causes dermatitis. The 
stone is remarkably like that of Cycas, 
but much smaller. The Maiden-hair 


tree is rarely seen wild even in China 
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and Japan. In North America it is hardy 
up to lower Canada. There are several 
female trees cultivated in the New York 
Botanical Garden that bear fruits abun- 
dantly and easily could furnish several 
pounds for primary tests. Ginkgo-nuts 
are sold in Chinese markets. In folk 
medicine they are used to dissipate 
phlegm, as an anthelmintic, and to ap- 
ply on wounds. 

Lronurus siprricus L. (Lamiaceae.) 
The Western-Szechuan Experimental 
Station of Hygiene reported that the 
leaf-extract is effective toward uterus 
contraction. W. Yuan stated that the 
aqueous and alcoholic extract could stim- 
ulate the uterus in vivo and also the iso- 
lated uterus in vitro. F. H. Lu confirmed 
these findings by experiments on the 
rabbit. The plant has been employed to 
relieve dysmenorrhoea. 

The genus comprises about ten species 
native to Europe and Asia. L. sibiricus 
is a coarse annual or biennial herb up to 
1.8 m. tall. It has been introduced in 
the American tropics and is occasionally 
found in waste places in the United 
States from Pennsylvania and Delaware 
south. The species commonly estab- 
lished in the eastern United States is L. 
cardiaca L. Reference to the use of L. 
sibiricus (under the name of “ Stachys 
artemisia”’) in hysteria originating in 
uterine disturbance was made as early as 
1790 by Loureiro. The dried leaves and 
flowering tops of L. cardiaca contain a 
volatile oil and a bitter principle; they 
are used in amenorrhoea and as a stimu- 
lant bitter tonic. 

LORANTHUS YADORIKI Sieb. & Zucc. 
(Loranthaceae.) The bark was effective 
in treatment of hypertension. 

The genus comprises about “300 spe- 
cies” of shrubby semi-parasites native to 
the tropics and subtropics of the Old 
World. JL. yadoriki grows in China, 
Japan and Korea. The European Mistle- 
toe, Viscum album L., yields a nitroge- 
nous glycoside which lowers the blood 
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pressure; an extract called “ guipsine ” 
has been used in hypertension. The 
American Mistletoe, Phoradendron fla- 
vescens (Pursh.) Nutt., contains a stimu- 
lant of the involuntary muscles, which 
causes a rise in blood pressure. 

MELIA AZEDARACH L. (Meliaceae.) 
The root-bark gave good results in the 
treatment of ascariasis. 

M. azedarach is a small tree up to 15 
m. tall. It is native to southwest Asia, 
but has become widely naturalized in 
tropical America. In the United States 
it is found from southern Virginia and 
South Carolina to Florida and Texas. It 
is often cultivated in the South and 
known by the names “China-berry ”, 
“ Pride-of-India ” and “ Umbrella-tree ’ 
The bitter roots have been used as an 
anthelmintic. In a survey of plants for 
insecticidal activity conducted by Merck 
& Co. and Rutgers University, M. aze- 
darach was found to contain an insecti- 
cidally active principle (Lloydia 13: 100, 
156. 1950). 

PANAX PSEUDO-GINSENG Wall. (Arali- 
aceae.) The roots were effective as anti- 
septics. 

Aralia quinquefolia var. notoginseng 
Burkill is placed in the synonymy of P. 
pseudo-ginseng. The genus Panax com- 
prises about half a dozen species native 
to North America and Asia. P. pseudo- 
ginseng is a herb, up to about 0.5 m. 
high, with a horizontal fusiform root- 
stock about the thickness of a finger. It 
has a distributional range from China 
and north India to Indo-China. Ginseng 
has been a famous, mostly magical, 
remedy among the Chinese from time 
immemorial. Physiological experiments 
conducted by Sakai indicated that it has 
a sedative effect upon the cerebrum and 
a mildly stimulating action upon the 
vital American Ginseng was 
discovered in 1716 and has since been 
almost exterminated by collectors. Cul- 
tivation requires careful attention; re- 


centers. 
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turns can be expected after three or four 
years. 

PINELLIA 
(Araceae.) 
expectorant. 

The genus comprises about six species 
of small herbs native to China and Ja- 
pan. P. ternata (= P. tuberifera Ten.) 
has corms, stolons and bulblets. It has 
been introduced in southern New York 
and in New Jersey. 

QUISQUALIS INDICA L. (Combretaceae.) 
The seeds were effective in the treatment 
of ascariasis and in infestation with 
Fasciolopsis buski and Enterobius ver- 
micularis. The species was described as 
an anthelmintic as early as 947 a.p. 

The genus consists of four species 
native to tropical Asia, Africa and Mada- 
gascar. Q. indica is widely dispersed in 
Asia and is cultivated in the American 
tropics under the name “ Rangoon- 
creeper”. The fruit is ellipsoid, about 
3 em long. The seeds are said to be 
poisonous if eaten to excess. 

RvuBIA CorDIFOLIA L. (Rubiaceae.) The 
root was bacteriostatic against Staphylo- 
coccus aureus. 

The genus belongs in the tribe Galieae 
and comprises “ about 40 species”. R. 
cordifolia grows in tropical Asia, Aus- 
tralia and Africa. It is a vine-like herb 
with prickly stem, whorled leaves and 
small succulent fruits. Several varieties 
have been described. The roots have 
been used for dye material, similarly to 
those of R. tinctoria L. 

STEMONA TUBEROSA Lour. 
ceae). The root showed perfect bacterio- 
static activity against Mycobacterium 
tuberculosis. It was also listed as an 
antiseptic. 

Hsieh Yu does not cite the species, but 
S. tuberosa is the most common and best 
known in the Orient. The family (also 
Roxburghiaceae), consisting of 


TERNATA (Thunb.) Breit. 
The root was found to be an 


(Stemona- 


named 


three genera, is related to the Liliaceae. 
Stemona has about 12 species, native to 
Indo-Malaya, China, Japan and Aus- 
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tralia. S. tuberosa is a climber, with 
leaves suggesting somewhat those of Di- 
oscorea; the root is tuberous fusiform. 
It has a wide distribution, from China to 
India and the Malay Peninsula. It is 
sometimes cultivated in greenhouses. The 
only American species in the family is 
Croomia pauciflora (Nutt.) Torr., found 
not too commonly in rich woods in the 
southeastern United States. 

ZANTHOXYLUM PIPERITUM DC. (Ruta- 
The fruits were effective against 
ten Gram-positive bacteria. 

The genus (also spelled Xanthorylum) 
is very large if defined to include Fagara, 
containing about 150 species of shrubs or 
trees found mostly in the tropics and 
subtropies, a few in the temperate zone. 


ceae.) 


Z. piperitum is native to north China, 
Korea and Japan. Like other species, it 
has small gland-dotted follicles with 
round shining black seeds the size of 
pepper grains. Z. piperitum is sometimes 
cultivated in the United States. Z. Ameri- 
canum Mill. and Z. clavaherculis L. are 
native here. There are about 45 addi- 
tional species in North America. The 
bark of Z. americanum and Z. clava- 
herculis contains an alkaloid. It is 
chewed for relief of toothache, hence the 
name “ toothache-tree”’. The fruits con- 
tain a volatile oil used as a stimulant, 
tonic and diaphoretic. An Australian 
species of Zanthorylum is reported to 
be a violent convulsive poison used for 
poisoning fish. 
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covered by bracts, the other characteristics 
of the plant do not fit properly into our 
concept of the general course of evolution in 
the grass family; homozygous pod corn is 
not a very promising plant to be expected 
to live independently; in descriptive charac- 
ter and heredity pod corn is similar to some 
other mutations in maize which are regarded 
as monstrosities. Because of these short- 
comings in pod corn, we are disposed to 
mark it off the list of likely candidates for 
the role of the ancestor of cultivated maize ”’. 

In lieu of all the foregoing hypotheses, 
Professor Weatherwax favors the simple con- 
servative view that corn, teosinte and tripsa- 
cum evolved from a single ancestral stock by 
ordinary divergent evolution, and that the 
American aborigines, the Aztecs and the 
Mayas on the Mexican plateau and in the 
highlands of Guatemala, saved the non-self- 
sustaining corn from extinction because of 
its value to them as a source of food. 

In addition to discussing the foregoing 
challenging problem, “Indian Corn in Old 
America” contains chapters on the names 
that have been applied to this great food 
plant; on the history of its discovery, intro- 
duction into and reception in Europe; on 


the remarkable agricultural practices of the 
American Indians in making it their princi- 
pal source of food; on their actual use of it; 
and on its descriptive morphology. By parch- 
ing, boiling or grinding the kernels, the In- 
dians converted them into forms suitable for 
the preparation of various items of diet. 
‘Long ago, somewhere in Mexico or Central 
America, but nobody knows exactly when or 
where or whether more than once, some in- 
genious Indian discovered that if wood ashes 
or quicklime were placed in the water in 
which corn was boiled, the hulls (pericarps) 
of the grains would be softened and loosened 
so that they could be removed by washing, 
and the food value of the remainder of the 
grain would not be seriously impaired. This 
became in time the basic process in prepar- 
ing the dry grain for food over a large area ”’. 

In addition to converting the grain into 
various articles of food and sucking the juice 
of the stalks because of its sweetness, some 
tribes of Indians, especially those of South 
America, made alcoholic beverages from 
corn. Most famous of such products, and 
still the “national” drink in the Andes of 
Peru, is chicha, the fermentation of which 
is promoted in a variety of ways rather 
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Chinese Water Chestnut or Matai— 


A Paddy Crop of China 


This edible corm of a sedge has long been valued through- 
out the Orient as a vegetable delicacy and as a source of 
medicine and starch. Imposition of an embargo in 1950 
on commercial shipments from Communist China has 
promoted interest and experimentation in cultivating it 
in the climatically milder regions of the New World. 


W. H. HODGE 
Plant Introduction Section, Horticultural Crops Research Branch 


Agricultural Research Service, 


United States Department of Agriculture, 


Beltsville, Maryland 


Introduction 


The family of the sedges, Cyperaceae, 
is an important contributor to the world’s 
vegetation and flora, but, unlike the 
closely related family of grasses, the 
sedges are not noted as producers of im- 
portant economic plants. Scareely a 
half-dozen species from its ranks have 
entered into the service of man and then 
only to a very minor extent. One of the 
best known of these is papyrus, Cyperus 
papyrus L., formerly important as the 
paper plant of the ancient Egyptians but 
now grown solely as an ornamental 
aquatic along with its sister species, 
Cyperus alternifolius L., the umbrella- 
plant. At least two sedges have been 
used by man as minor sources of food. 
One of these is the Old World chufa, 
Cyperus esculentus L. The other is the 
Chinese water chestnut, or matai, Ele- 
ocharis dulcis (Burm. f.) Trin., whose 
unusually crisp edible corms have made 
it the most important, economically 
speaking, of this insignificant group of 
sedges. During the last decade there has 


1 Unfortunately, species of the weedy aquatic 
genus Tapa are also known commonly as 
“water chestnut ”, but they should not be con- 
fused with Eleocharis dulcis. Trapa_ bicornis 
is also grown in China, under the name Ling 
Ko, for its two-horned edible nuts (10). 
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been interest in the establishment of this 
plant as a new crop in the United States. 
The federal Department of Agriculture 
has investigated the possible domestic 
culture of the Chinese water chestnut 
and has published the results in a recent 
circular (3). A discussion of this plant 
and its culture in the Orient was not in- 
cluded in the publication and so is being 
summarized here. 


History 

Eleocharis dulcis is a widespread vari- 
able species native to fresh-water or 
brackish marshes of the Old World 
tropics from Madagascar to India, south- 
eastern Asia, the Philippines, Malaya, 
Indonesia, Melanesia and Fiji. Accord- 
ing to Merrill (quoted in 2), the plant is 
never cultivated in most of this vast 
range. This is substantiated by others. 
For example, though the plant is com- 
mon in the Fiji Islands, its potentiality 
as a food is apparently unknown to the 
natives. There, as elsewhere throughout 
its range, other plants superior for food 
are apparently abundant or easier to get. 
The water chestnut could not compete 
with those for the favor of man. 

Apparently it was in Indo-China or in 
southeastern China that the species was 
first cultivated and developed into a 
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strain yielding corms far superior in size 
and sweetness to those normally pro- 
duced in the wild. The Chinese have 
been able horticulturists since early 
times, and population pressure has forced 
them to utilize and develop most wild 
plants having food value. Thus Ele- 
ocharis dulcis was brought into cultiva- 
tion and today has become known as one 
of China’s unusual vegetable crops. 
Like that elsewhere in southeastern 
Asia, China’s food economy is based pri- 
marily on rice, the native staple cereal. 
In the domestication of cultivated plants, 
cereal species, if available, are generally 
believed to have been selected first. This 
would include the domestication of rice. 
In the Orient, rice is grown widely as a 
water crop in paddies. Special tech- 
niques have had to be learned in the cul- 
ture of such a crop, and, because of this, 
agriculturists in that region probably 
looked with favor on any other edible 
aquatic plants which could be grown 
along with paddy rice. Actually, certain 
of these may have first appeared as 
weeds among the rice or along the mar- 
gins of the paddies. Among such escu- 
lent species would be included the Old 
World arrowhead (Sagittaria sagittifolia 
L.), Oriental lotus (Velumbium nucifera 
Gaertn.), sweet flag (Acorus calamus L.) 
and water chestnut (Eleocharis dulcis). 
The last-named species, under the syno- 
nym Heleocharis plantaginea R. Br., is 
reported even today as spontaneous in 
the rice plantations of the Tonkin delta 
(4). Whatever the case may be, these 
and other aquatic species of humid mon- 
soon Asia are now valued food plants in 
that part of the world, and certain of 
them enter regularly into crop rotation 
as practiced with paddy rice in southern 
China. The remark has been made that 
the rest of the world has developed few 
cultivated hydrophytes compared to this 
region. As a possible explanation, one 
can add that of the major cereals rice is 
the only one that is an aquatic. In the 
development of rice culture it would be 
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logical to expect man to discover satel- 
lite plants that could be similarly grown 
as sources of food. 

Although it is evident that Eleocharis 
dulcis has been cultivated in China for 
many centuries, it was not until the 
XVII century that this unusual vegeta- 
ble became known to western civilization 
through the reports of European mis- 
sionaries. Martini (7) and Le Comte 
(5) are among those who prior to 1700 
published brief but unmistakable de- 
scriptions of this crop under the Chinese 
name “peci”. Of a city in the province 
of Che Kiang, Martini wrote, “ Nascitur 
per totam hanc regionem in stagnantibus 
aquis fructus figura rotundus, Peci Sinae 
vocant, cujus magnitudo castaneam 
nucem haud multum excedit, pellis subti- 
lissima pulli coloris nucleum vestit, cujus 
intus candidissima caro est plena succi, 
gratique saporis, durior est quam pomo- 
rum vulgarium, ac parumper acida”’, 


Edible Corms 


The esculent portions of Eleocharis 
dulcis which have made this species in- 
teresting to man are the corms, or tubers, 
the so-called “ water chestnuts ”. These 
are produced in large quantities on 
numerous subterranean rhizomes towards 
the end of the growing season. In size 
and shape the corms resemble those of 
the garden gladiolus. But in the Chi- 
nese water chestnut the plump corm is 
firm and white, and possesses an unusu- 
ally crispy apple-like texture that is 
sweet to the taste. It is the crispness of 
texture which has endeared this vegeta- 
ble to the Chinese, who find that this 
quality adds something very distinctive 
when incorporated in their many delight- 
ful dishes. Even after cooking, which 
softens the flesh of most other vegeta- 
bles, the flesh of water chestnuts, whether 
sliced, diced or chopped-up, still remains 
crisp. Because of this characteristic 
they are easily detected among the 
numerous other components of a dish in 
which they are included. 


CHINESE WATER CHESTNUT OR MATAI 


Fic. 1 (Upper). Plants of hon matai (Eleocharis dulcis) at time of flowering 
Fic. 2 (Lower). The inconspicuous (pistillate) flowering spikes of Eleocharis dulcis. 


52 ECONOMIC BOTANY 


Fic. 3 (Upper). Typical edible corms of hon matai, the socalled Chinese water chestnuts, 


, 
Fic. 4 (Lower). Young matai plants uprooted to show vegetative reproduction by means 


of rhizomes 
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As might be expected with a species 
which is essentially tropical, the center 
of cultivation of Eleocharis dulcis in 
China lies in the warmer southern prov- 
inces. According to the Chinese, the 
finest water chestnuts (e.g., the largest 
and the sweetest) are produced in the 
vicinity of Kweilin in Kwangsi Province. 
Nevertheless, Eleocharis dulcis is grown 
commonly throughout southeastern China 
as far north as the Yangtze River (2). 
However, it has been observed by agri- 
cultural explorers of the United States 
Department of Agriculture near Peiping 
(40° north latitude). The range of its 
cultivation in China is thus extensive, 
running for some 2500 miles north of the 
Indo-China frontier. It is not surprising 
therefore to learn that Eleocharis dulcis 
has several Chinese names. Throughout 
southern China, especially in the prov- 
inces of Kwangtung and Kwangsi, the 
common name used is the Cantonese 
“matai” (pronounced mah-tie), mean- 
ing “ horse’s hoof ”, in evident reference 
to the shape of the edible corm. Else- 
where in China, especially in the north, 
a Mandarin name, “ pi chi” (pronounced 
pee chee or bee chee), is used. This also 
appears in the forms “pi tsi” and 
“neci”’, the latter spelling being the form 
originally given in 1655 by Martini. The 
appellation “wu-yii” is also recorded 
(9). Since the great majority of Chi- 
nese-Americans are of Cantonese extrac- 
tion, the Chinese name “ matai’”’ is more 
frequently met with in this country and 
has been recommended as a substitute 
for the English name, water chestnut. 

Two apparently distinct types, differ- 
ing mainly in size and texture of the 
corms, are grown in southern China. 
One of these varieties is known by the 
Cantonese names “hon matai” and 
“ Kweilin matai”; the other passes in 
the Cantonese vernacular as “ sui matai”’. 
Hon matai prefers sandy soils and pro- 
duces large corms with a sweet and juicy 
flesh enclosed by a brownish skin. The 


Chinese word “ hon” may be translated 
“dry ” and possibly refers to the fact 
that this variety is harvested under dry 
soil conditions after the paddy water is 
drawn off. This is the variety of matai 
which has made the region around Kwei- 
lin noted as a source of choice corms, a 
fact reflected in the use of the alterna- 
tive name “ Kweilin matai”. Hon matai 
has a sweet flesh and for this reason is 
frequently eaten raw, out-of-hand; be- 
cause of its crispness, it is also the 
variety which appears sliced in Chinese 
foods. The variety sui matai produces 
smaller black-skinned corms possessing 
a dry flesh. It is said to grow better in 
fields underlain with clay. Because of 
its drier flesh, sui matai is not palatable 
as a fresh vegetable and it finds its chief 
use in the manufacture of starch. 

Notes on nutrients found in corms of 
hon matai, based on 100 grams of pared 
corms as compared with an equivalent 
weight of unprepared corms, have been 
compiled by the United States Depart- 
ment of Agriculture (6), as shown in 
Table I. 


as 


Botanical Description 


Taxonomy. The existence of the two 


types of matai mentioned previously has 
undoubtedly been one reason for the 


TABLE I 


CoMPosiITION oF Matar Corms 


As pur- 
chased, 
before 
paring 


Edible 
portion, 
pared 


Refuse (pet.) 
Water (pcet.) 60.3 
Food Energy (cal.) 61.0 
Protein (gm.) 1.1 
Fat (gm.) 02 
Carbohydrate (total) (gm.) 19.0 146 
Carboh:,drate (fiber) (gm.) 08 06 
Ash (gm.) 1.1 08 
Calcium (mg.) 4.0 3.0 
Phosphorus (mg.) 65.0 50.0 
Iron (mg.) 05 
Ascorbic acid (mg.) : 3.0 


23.0 


Fic. 5 (Upper). Young plants of hon matai in a paddy as they appear early in the growing 
season. Each plant is beginning to produce daughter plants through the growth of subterranean 
rhizomes. Later in the season all available paddy space will be completely filled with plants. 

Fic. 6 (Lower). A quarter-acre paddy of mature hon matai plants as they appear in late 
summer at the time when corm-producing rhizomes are forming. The stems are four to five 
feet tall. 
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numerous binomials applied by botanists 
down through the years. At present the 
binomial Eleocharis dulcis is generally 
accepted as including all these forms of 
matai and especially entities previously 
described under such names as Eleocha- 
ris plantaginea R. & S., E. plantaginoides 
W. F. Wight, and EZ. tuberosa R. «& S. 
The details of synonymy were discussed 
by Merrill? in 1917 and more recently 
by Svenson *. 

Variability in Eleocharis dulcis, al- 


Fia. 7. 


A paddy of Eleocharis dulcis near Peiping, China, in mid-December. 


as either fresh or brackish. Although 
occasionally used as a wild source of 
food, particularly in Java and in the 
Philippines, this form has not been culti- 
vated except in China (and possibly 
Japan), where it is apparently repre- 
sented by sui matai. Opposed to this 
wild progenitor form is the one originally 
described as Eleocharis tuberosa, the 
plant producing the large, discoid, sweet- 
fleshed, brown-skinned corms, typified 
by the hon matai of China. This form 


The stems 


are frozen in ice but no injury will occur to the edible corms below as long as the mud does not 


freeze. 


though shown in the culms, is concerned 
primarily with the general morphology 
of the corms. In their strictest sense the 
binomials Eleocharis dulcis, E. plantagi- 
nea and E. plantaginoides have referred 
to the wide-ranging, wild form(s) pro- 
ducing small, starchy, dark-skinned 
corms (or none at all); this form gen- 
erally grows in stagnant water recorded 


2 Merrill, E. D. 
1917. 

8 Svenson, 
1937. 


Interpret. Herb. Amb.: 104. 


H. K. Rhodora 31: 158-159. 


is known only in cultivation, and this 
seems to indicate what several botanists 
have suggested, that hon matai is a culti- 
gen. Observations made in Indo-China 
(4), where hon matai (“ Ma-thay ”’) was 
grown together with the wild form (‘ Co- 
nan” or “ Caéy-nan’”’), show that, aside 
from corm differences, the general habit 
of the two forms is similar except that 
the culms of the cultigen are more ro- 
bust, being taller and thicker. A cyto- 
logical study might be of interest in indi- 
cating whether polyploidy is involved. 
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Morphology. In general habit Ele- 
ocharis dulcis resembles other species of 
this genus of the Cyperaceae. A charac- 
teristic of these plants is the lack of 


leaves, whose photosynthetic function 
has been transferred to the numerous 
terete, septate culms (stems). Under 


wild conditions these are recorded up to 
three feet tall, but in the cultivated hon 
matai they may average as much as five 
feet tall. Flowers are produced in in- 
conspicuous spikelets which appear at 
the tips of the culms before maximum 
vegetative growth has been attained. 
Plants grown in the United States de- 
velop inflorescences in early August. The 
pistillate flowers mature first, and after 
the culms have attained more height the 
staminate flowers appear. Within the 
scales of the spikelet the diagnostic tiny 
lenticular achenes are produced. 
Actually plants of Eleocharis dulcis 
reproduce much more rapidly and effi- 
ciently vegetatively by underground 
rhizomes of two types. One type ap- 
pears early in the annual vegetative 
cycle, usually the sixth to the eighth 
week after initiation of growth by a 
corm; such rhizomes run roughly at right 
angles to the axis of the parent plant and 
serve to multiply the individual during 
the growing season through the produc- 
tion at their tips of many satellite plant- 
lets. Another type of rhizome appears 
in late August or early September after 
all aerial vegetative growth has been at- 
tained and following the appearance of 
the flowers. The second type of rhizome, 
or corm-producer, develops usually at an 
angle (approximately 45°) to the sur- 
face of the soil. Its function is evident 
as soon as the rhizome appears, for its 
growing apex is characterized by a no- 
ticeable swelling, representing an incipi- 
ent corm. As the rhizome elongates its 
tip increases in size until finally it has 
enlarged into a mature corm. Young 
corms are whitish, but with maturity 
their scaly epidermis becomes chestnut- 
brown or blackish. The corms are pro- 
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duced at varying depths below the soil 
surface, but the average depth is about 
five inches. The sprout on a planted 
corm must thus elongate considerably to 
form the aerial parts of a new plant. 
Consequently a new adventitious root 
system is formed not from the corm but 
from the shoot at the crown just below 
the surface of the soil. 

A matai plant growing under optimum 
conditions produces corms abundantly. 
There is a record of a single plant and 
its offshoots which yielded slightly over 
20 pounds of corms in a season with 60% 
of them marketable, but the average is 
considerably below that. Under field 
conditions the yield lies somewhere be- 
tween one-half pound and three-fourth 
pound per square foot of the producing 
area. The corms vary considerably in 
size and at the same location they have 
ranged up to one and three-fourth inches 
in diameter. Generally speaking, only 
corms one and one-fourth inches or more 
in diameter are acceptable in the trade, 
but smaller corms may be used as seed, 
for home use, or as food for domestic 
stock or wildfowl. 


Matai Culture in China 


The following description of matai 
culture and utilization in China is based 
on the observations of federal plant ex- 
plorers, especially P. H. Dorsett, F. A. 
McClure and Frank N. Meyer, as re- 
corded in the files of the Plant Introduc- 
tion Section. In southeastern China 
matai is grown as a paddy crop in rota- 
tion with other aquatics. As mentioned 
above, some of the other water crops in- 
volved. in the rotation are rice, Old 
World arrowhead and Oriental lotus (2). 

Planting. During late March or early 
April, after all danger of frost is passed, 
the land to be planted to matai is thor- 
oughly ploughed, harrowed and _ fertil- 
ized. Parts of this land, about 60 square 
feet per mow *, are set aside as nursery 


4One mow equals 0.166 acre. 
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Fic. 8 (Upper). Harvesting hon matai in China. The paddy is drained and allowed to dry 
before the corms are dug by hand. 

Fic. 9 (Lower). Harvesting sui matai. The corms are dug out of the mud by hand without 
draining off all the paddy water 


58 ECONOMIC BOTANY 


Fic. 10. A farmer harvesting hon matai with a rake in southern China. 
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beds, and the day before planting, night 
soil is applied to them. The following 
day about 20 catties ° of matai corms are 
planted about one inch apart. There- 
after the nursery soil is kept moist. 
When the young plants are about an 
inch high they are transplanted to rows 
three inches apart, and then diluted 
night soil is applied. When the seed- 


lings attain a height of seven to eight 
inches they are ready for permanent 


Fra. 11. 


Hon matai as commonly offered for sale in a Chinese market place. At the 


three piculs ® of peanut cake, one or two 
piculs of lime, three piculs of plant ash, 
six or eight piculs of hog manure, 20 
piculs of cow manure, and five piculs of 
night soil are required. Fertilizers are 
applied as follows. The cow manure 
and half the lime are spread during 
preparation of the field. Two weeks 
after permanent planting, all the night 
soil is used, while two weeks later, when 
the plants are beginning to produce 


right 


is a basket of fresh corms; at the left, corms on bamboo splints prepared for eating out of hand. 


planting in the field, where a triangular 
spacing of one and one-half to two and 
one-half feet between plants is used. 
Up to the time of permanent planting, 
the plots have been kept only moist; 
once the plants are in the field, the plots 
must be kept permanently flooded in 
paddy form. 

Fertilizing. Heavy applications of 
fertilizer are necessary for the best 
growth of matai. For each mow, two or 
(Old 


5One catty Chinese System) 


133 pounds, 


equals 


lateral rhizomes with secondary plant- 
lets, half the peanut cake is applied and 
the field is covered with hog manure 
and plant ash. About two months after 
this, when the crop of new corms begins 
to form, the remainder of the fertilizer 
and lime is added. 

Harvesting. Matai requires a long, 
warm, growing season, and corms of hon 
matai are not fully mature until frost 
has killed the green culms. Thus the 


6 One picul (Old Chinese System) equals 100 
catties or 133.33 pounds. 
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harvest usually does not take place un- 
til late fall, though it is said that in cer- 
tain parts of China it may occur in late 
summer. Since the corms keep well un- 
derground in regions where the ground 
does not freeze deeply, the harvest may 
be delayed until as late as March or 
April of the following year. In the case 
of hon matai the water is drained off 
before harvest time to permit the field 
to dry. At times it is again flooded and 
then allowed to dry a second time. This 
procedure is believed to sweeten the 
corms by promoting the transformation 
of starch to sugar. The dried chunks of 
soil are then broken up and the corms 
removed. Sui matai is harvested with- 
out any preliminary draining off of the 
paddy water. It should be recalled that 
this variety is used almost entirely for 
starch production and that transforma- 
tion of the starch to sugar is not desired. 
To harvest sui matai, workers must 
wade in knee-deep mud, stooping over 
to claw out the corms with their hands. 

The harvesting of hon matai is a 
much cleaner though still laborious hand 
operation. Simple spades or rakes are 
used to break the dried earth into clods 
from which the corms are extracted. 
Corms are then placed in coarse sacks 
or bamboo baskets and shipped to 


market. The yield runs between 2000 
and 4000 catties (2,660 and 5,320 


pounds) per mow, depending upon the 
variety grown. This is roughly equal 
to 16,000 to 32,000 pounds per acre. In 
the case of sui matai the total yield of 
corms in a field is estimated, a price is 
set, and the whole is then sold as a lot— 
usually to a matai-stareh producer who 
arranges for the harvesting of the crop. 
Corms used for home or local consump- 
tion are often stored in a cool place in 
erocks for months. At 
regular intervals they are taken out and 
sorted, and any showing signs of decay 
The season during which 


stone several 


are discarded. 
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corms are available can be extended by 
holding them in the ground over winter. 


Utilization in China 


Use as a Vegetable. Depending upon 
the variety, matai may be either used 
as a vegetable (hon matai) or in starch 
manufacture (sui matai). Because of 
its crisp, sweet, apple-like flesh, hon 
matai is widely eaten out-of-hand in 
China as a substitute for fresh fruits. 
This is particularly true during the win- 
ter and spring when corms are available 
and when fruits are scarce or absent. 
It is common practice for a Chinese host 
or hostess to serve a dish of freshly 
peeled matai corms to guests. Peeled 
matai, skewered on bamboo splints, also 
is a familiar commodity offered for sale 
on the street or in trains, where it is 
eaten by young or old, rich or poor. To 
some the sweet flesh, sampled in this 
Way, is reminiscent of fresh coconut 
meat. 

Matai attains maximum popularity in 
China as a common ingredient of local 
food dishes. Generally it is sliced, diced 
or grated with other vegetables in ome- 
lets, soups, chop sueys, salads and the 
like. When shredded it appears com- 
monly in meat and fish dishes (9). 
Minced matai is made into puddings and 
fritters, including matai ko, a kind of 
cake which can be bought from the 
“portable kitchens’ on the street cor- 
ners or in tea houses. Matai is often 
served boiled or steamed as a winter 
vegetable, sometimes in a sauce of sugar, 
butter and flour. Prepared this way the 
vegetable is said to resemble sweet corn 
in both looks and taste. 

Use as a Source of Starch. Sui matai, 
as indicated previously, is used prin- 
cipally for the making of matai starch, 
which is processed in a characteristic 
though crude peasant fashion. Simple 


thatched shacks are usually set up near 
the matai-producing paddies or by a 
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Fic. 12. Chinese water chestnuts as canned in Hong Kong for export 
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serve to house the 
primitive hand “ mill” used to reduce 
the corms to starch. Corms are first 
washed in a stream in rough bamboo 
baskets by men or women. The washer 
stands in the water, using one foot to 
stir the contents of the basket. After 
washing, the corms are transferred to 
small bamboo baskets and then turned 
over to women laborers. Specially de- 
signed earthenware bowls with vertically 
corrugated inside walls are used for 
grinding. The corms, held by the apical 
buds, are rubbed forcibly against the 
inner corrugations of the bowls. As a 
protection the women wrap their thumbs 
and first fingers in strong cloth. 

Once grated, the resulting mass is 
placed in a fine bamboo basket which is 
then set in a cloth filter hung over an 
~arthenware pot above a wood fire. 
Water is then poured into the basket, 
and its contents are stirred thoroughly 
for about 15 minutes. Three pans of the 
resultant milky mixture, each with a 
different dilution, are then collected. 
The first one taken contains a great pro- 
portion of stareh and consequently is 
set aside so that the starch may settle 
out; the other pans are used again for 
washing the macerated material. The 
settling process requires four or five 
hours. The clear water is decanted 
and the starch-bearing portion poured 
through a fine cloth filter, on which the 
starch is collected. The latter is then 
spread on shallow round bamboe trays 
to dry in the sun. Matai starch is used 
in China in the same way that corn- 
starch is in this country. It is also re- 
puted to have medicinal properties. A 
brief description of the microscopy of 
matai starch has been published (13). 

Use in Medicine. There are two in- 
teresting records of therapeutic use of 
matai corms. The oldest is that of Mar- 


stream, and these 


tini who in 1655 indicated that if a cop- 
per coin was put into the mouth along 
(e.g., 


with the “ fruit ” corm) of this 
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species it would be sufficiently softened 
thereby as to be chewed very easily (7). 
Later Roxburgh (quoted in 9) indicated 
the reputed medicinal value of this ob- 
servation by quoting a correspondent 
who sent matai corms from Canton to 
the East India Company’s Garden at 
Caleutta—“ The children here often 
play with cash in their mouths, which 
at times slip down into the stomach and 
bring on alarming symptoms. The nut 
(matai) is immediately given in quan- 
tities, either raw or boiled, and they say 
it never fails to give relief, and is always 
considered as specific; they allege it de- 
composes the metal?”’. This appears to 
be but another instance of the applica- 
tion of the old Doctrine of Signatures, in 
this case a roughly coin-shaped corm 
being used to relieve the bad effects of 
coin-swallowing. 

In 1945 a brief report (14) was pub- 
lished, stating that Chinese workers of 
Tsing Hua University at Kunming had 
obtained a new antibiotic, puchin, re- 
sembling penicillin in its action, from 
matai corms. Puchin, unlike penicillin, 
is not soluble in organic solvents, such 
as ether and benzene, and is destroyed 
by moderate heating; it is yet to be pro- 
duced in a purified form. 

Export Trade. The large succulent 
corms of hon matai, produced in South 
China, are exported in the fresh form in 
considerable numbers for use primarily 
by Chinese populations in other coun- 
tries. Fair quantities have been im- 
ported by Indo-China (4), Thailand and 
Malaya. In Caleutta the corms are sold 
under the misnomer “ Singapuri Kysur ” 
which incorrectly indicates Singapore, a 
port of transshipment, as the place of 
production (1). 

Until the recent embargo on trade 
with Communist China, sizeable ship- 
ments of matai were imported by Chi- 
nese-Americans in the larger cities of 
the United States. Imports totalled 
about 2,500,000 pounds in 1947, for ex- 
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ample. Shipments still come to this 
country from the British port of Hong 
Kong, but more frequently these days 
the imports originate in Formosa. Fresh 
corms are simply packed in large slatted 
crates permitting good ventilation in 
transit. Matai for the New York 
market comes by sea either by way of 
Panama or overland after transshipment 
at the port of San Francisco. Even with 
the 30 and 45 days required in transit, 


Fia. 13. 


fresh corms from the Orient, if kept cool, 
keep for a number of weeks after arrival, 
provided they are looked over periodi- 
cally to remove any corms that may be 
rotting. Canned Chinese water chest- 
nuts also are being exported from the 
Orient, but are less desirable to the trade 
than the fresh product. 


Utilization in the Orient outside China 


Although the two types of Eleocharis 
dulcis have been important as cultivated 


plants only in China, the wild species, 
in one form or another, has been utilized 
to a small degree as a food plant else- 
where in the Orient. In those other 
areas where it enters into the local diet, 
it is not as the cultigen, matai, with its 
large, sweet, crispy-fleshed corms, but 
rather as a wild plant with small, 
starchy corms. Java is one center of 
such use. Ochse (8) reported the spe- 
cies (under the name, Heleocharis dul- 


Pared whole corms from the tin shown in Fig. 12. 


cis) as occurring as a native from sea- 
level up to about 3000 feet elevation, 
growing in both salt and fresh water but 
preferring brackish water. The small 
tubers are said to be collected particu- 
larly in the marshes bordering the sea 
near Djakarta (Batavia) and appear 
plentifully in the markets from August 
to December (1). According to Ochse. 
the corms are usually cooked, being 
“made into Kreepik, the so-called ém- 


ping tékee ” Following cooking the 
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scales are removed and the corms are 
then mashed with a small hammer and 
dried in the sun to produce a meal called 
‘emping”. Emping is produced in suf- 
ficient supply to appear in the native 
markets, especially in Djakarta as well 
as in various localities in Central Java. 
Emping is prepared as a delicacy by 
simply frying it in coconut oil. 

In the Philippines the name given the 
wild strain of Eleocharis dulcis is “ apu- 
lid”. As in Java, its corms are small, 
three-eighth to five-eighth inch in diam- 
eter. They are collected in the wild and 
are simply boiled and eaten as a vege- 
table (12). 

In more recent years hon matai of 
China has also been introduced for trial 
in other areas in the Far East, though 
there is no indication that its culture has 
become important anywhere outside of 
China, including Formosa. Test plots 
have been grown in Australia, Java, 
Indo-China and the Philippines, but as 
far as is known, only in the last two 
countries have cultural tests resulted in 
detailed published reports (4, 11). As 
indicated earlier, China does supply 
some of these countries with matai 
through export. 


Introduction and Utilization 
in the United States 


There are several recorded introduc- 
tions of the Chinese cultigen, hon matai, 
into the United States. Most success 
has been obtained with propagation ma- 
terial of a strain (P.1.7 106274) ob- 
tained by the United States Department 
of Agriculture through the cooperation 
of Lingnan University, Canton, China 
(2). Practically all Chinese water 
chestnuts at present being grown experi- 
mentally or otherwise in this country, 
owe their origin to this introduction 
which was initially increased and made 
available at the Department’s Barbour 

7 PI. refers to the published inventory num- 
ber of the Plant Introduction Section. 
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Lathrop Plant Introduction Garden, 
Savannah, Georgia. Horticultural stud- 
ies undertaken at Savannah are the basis 
of the information recently published on 
the culture of this specialty crop in the 
United States (3). 

In 1950 the United States imposed an 
embargo on all commercial shipments 
from Communist China. Imports of 
Chinese water chestnuts practically 
stopped, with the result that there has 
been increasing interest in the possible 
production of this specialty crop in the 
United States to meet the domestic de- 
mand. This interest has been associated 
with the high prices offered for this com- 
modity by American importers. 

Chinese water chestnuts may be grown 
with success in this country as an annual 
crop, under controlled irrigation, in 
warm temperate regions where there is 
a lengthy frost-free growing season of 
about 220 days. Thus they appear best- 
fitted for the Atlantic and Gulf coastal 
plain (as far north as Norfolk, Virginia), 
milder parts of the Pacific coast states, 
Puerto Rico and Hawaii. Although 
southern Florida approximates the same 
latitude as China’s Kwangsi Province, 
where the choicest matai is claimed to 
grow, there are indications that sweeter 


(hence more desirable in the trade) 
corms are produced farther north. 
Corms harvested at the latitude of 


Savannah are said by American-Chinese 
to equal “ Kweilein-grown matai ”. 
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revolting to Europeans and their descend- 
ants. Another strongly intoxicating beverage 
derived from corn was known as “ uinapi” 
and as “ sora”, the first of these appellations 
being derived from a Quechua word meaning 
“to grow” in allusion to the fact that the 
grain used in preparing the liquor had al- 
ready begun to much as sprouted 
barley is today the means of commercially 
producing malt. 

Among the less common uses of corn by 
American Indians were: giving it as fodder 
to domesticated herbivorous animals (llamas) 
in Peru; wrapping tamales in the husks and 
using the latter also as cigarette wrappers; 
preparing medicinal concoctions from the 
silks; giving pink-to-purple tints to alcoholic 
beverages by adding the water-soluble pig- 
ment extractable from the grains of certain 
varieties; using corn smut for food, and the 
black sooty spores of the fungus, mixed with 
grease, as a face paint for ceremonial pur- 
poses; and carefully measuring the kernels 
as money in obtaining other necessities of 
life. In connection with this role of corn as 


grow, 


a means of exchange, one Mexican historian 
has related that some of the people in the 
reign of the Montezumas, when faced by 
starvation as the result of two years of mid- 
summer frost and one of drought, moved to 
more favorable places where they could ex- 


change their children for corn—a young girl 
for 400 ears, but a boy was worth about 500. 
Perhaps most intriguing of these uses, if one 
of them can be said to be more so than any 
others, was the following. The pith of the 
stems was coarsely ground, mixed with a 
binder made of glutinous material from the 
crushed bulbs of certain species of orchid, 
and thus converted into a plaster that was 
made into images by being applied to and 
molded over frameworks made of corn leaves 
and stalks with fingers of twisted or braided 
turkey feathers. 

Some varieties of corn in the moist rich 
lowlands of southern Mexico and Central 
Mexico grow 20 feet tall with stems so large 
and firm that they have long been and still 
are used to build houses. Corn silk is still 
included in the U. 8. Dispensatory, and a 
few years ago, when the supply of it was 
cut off from certain cheap-labor areas of 
southeastern Europe, American corn growers 
were asked to quote prices at which they 
could furnish tons of this material. But the 
American Indians, though they smoked 
cigarettes made of tobacco or of corn silks 
wrapped in corn husks, or smoked these 
items in clay pipes, apparently did not learn 
to make corn-cob pipes, made famous by the 
American farm boy generations later. 

The foregoing are but a few of the many 
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Economies of the Lemon Industry 


Contrary to most articles in this periodical, this one is 
not a study in economic botany but in agricultural eco- 
nomics. As such, it is concerned primarily with business 
factors and only incidentally with lemon products. 
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A report on this topic in Economic 
Botany naturally implies consideration 
of the relationship between matters bo- 
tanical (or horticultural) and matters 
economic. Such is the intent here, but 
immediate emphasis is to be made that 
the economic characteristics of an indus- 
try divide themselves into two main 
categories, one of basic economic con- 
ditions and one of economic policies. 

The economic conditions are termed 
basic in that they constitute independent 
factors with which the industry and 
other groups have to deal but cannot 
control. Typically they are a part of 
influences which also are pertinent to 
disciplines other than economies, such 
as horticulture, geography or even psy- 
chology; or of a broader economic char- 
acter, such as the national price level. 

Policies in contrast represent man- 
made programs and need not be viewed 
as inherent. To the outsider these poli- 
cies may be as immutable as physical 
conditions and, of course, also have in- 
terrelationships with the natural 
ences, but the economist nevertheless 
views them as of a more ephemeral 
character. An appreciation of much 
that has gone on within the lemon in- 
dustry requires a sharp delineation be- 
tween these two categories. Primarily, 


sc*- 


however, the main consideration is the 
interrelationships between economics and 
horticulture. 

The lemon is a variety of citrus which 
occupies an interesting place in the food 
world, being used in considerable quan- 


tity for its taste characteristics in a wide 
variety of foods and drinks, and also 
being used for certain essential health- 
giving characteristics. Its principal use 
is as a drink in which its refreshing acid 
taste has its own distinctive place. Of- 
ten, however, it is used in combination 
with other ingredients. Its peculiar 
taste has its own place as a flavor, par- 
ticularly in pies, cakes and candies, but 
what makes it almost unique is its use 
as a seasoning and in dressing up cer- 
tain foods, notably salads, fish foods and 
other items which the cook feels need a 
varied treatment. Its use is also well 
established as a health specific; notably 
as an antiscorbutic but also as a physic 
and general tonic. Aside from these 
food uses, moreover, it has often been a 
principal supplier for citric acid and 
other industrial items. 

These numerous and varied uses for 
the lemon may indicate a broad and 
consequently stable demand for the fruit, 
but in truth the demand is highly sea- 
sonal and fluctuating. Some very elab- 
orate statistical studies have been re- 
ported (3), but no attempt will be made 
here to evaluate or even review these re- 
ports, since in the present instance the 
intent is a broader description. The 
point to be emphasized here is that there 
are both a highly erratic requirement 
from day to day, because of temperature 
fluctuations in the summer and of epi- 
demics in the winter, and a stable re- 
quirement throughout the year. 


ECONOMICS OF 


Areas of Production 


Not only is the demand for lemons a 
peculiar characteristic; the same can be 
said for the production features. The 
areas in which satisfactory production 
van be achieved are extremely limited. 
There are only two major producing 
areas in the western hemisphere, the 
more important being southern Cali- 
fornia, the second being Italy. Table I 
presents the last complete production re- 
port, that for 1952. It is significant that 
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fresh lemons available in 
amounts throughout the year. A major 
proportion may be harvested in the 
spring, but if picked with sufficient stor- 
age life potential and then properly 
stored, the fruit can be held for enough 
time, averaging something over three 
months but often extending to six 
months, to meet the peak demands of 
hot summer days in the eastern United 
States. Figure 1 presents a typical pic- 
ture of the sequence of picking, storing 
and shipping. There seems to be good 


important 


TABLE I 
Wortp Propuction or LeMons, By Speciriep Countries, 1952 (11) 


1952 
(1,000 boxes) 


Continent 
and country 


NORTH AMERICA 


United States .............. 12,590 
ASIA 
BR scabies ahs caees Kn 169 
SM 5s elnt sa. elide eae 435 
TSE Sh ee 220 
DE ven o Putnuue i aes. ous gee 12 
UO x-cabacdscasbiveuwae 567 
NOR x CU Saas ea obi 1,503 
AFRICA 
0 REISS SF RA ge 247 
DN. ong sea www Ke inane Bi 150 
French Morocco ........... 142 
Southern Rhodesia ......... 6 
SE See 225 
Union of S. Africa ......... 213 
PR oa ie Sea Gah oe oo tks 983 


preliminary reports for 1953 show pro- 
duction in the United States to be 15,- 
800,000 boxes, and in Italy to be 9,500,- 
000, both being a great increase over 
1952, but there was no important in- 
crease elsewhere. 

A major characteristic of the lemon is 
the season of production and of availa- 
bility for sale. Southern California, 
particularly certain districts like Ven- 
tura County and some foothill areas 
above the San Gabriel and Santa Ana 
valleys, normally can, by judicious pick- 
ing policies and proper storage, make 


1952 
(1,000 boxes) 


Continent 
and country 


EUROPE 
SO «oO ao 6 
ee: ee eee) ee 1,085 
ees ee 8,354 
Rie eons k<itseksxweed 1,508 
Ud ba id Pana ictee Gas 10,953 
SOUTH AMERICA 
Oe Pe cree 1,770 
SN Wd a isigis UG esew nae 812 
5 RS Sc a 30 
TF i cabs cwcees 175 
70 i. 2,787 
OCEANIA 
PE SOR 47 
New Zealand ....... 58 
OOD Sea vic as 0 532 
WORLD TOTAL 29,348 


reason to believe that the prosperity of 
the lemon industry in these particular 
areas rests in good part on this seasonal 
advantage. 

Other western areas are not so fortu- 
nate. Tulare County in the San Joaquin 
Valley, Coachella Valley in the so-called 
desert area, and Yuma and Phoenix in 
Arizona produce some lemons, but their 
period of harvest and storage is re- 
stricted to a few weeks or months at 
most. In that short period they have to 


meet the competition of the more favor- 
ably situated California areas, and, hav- 
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ing nothing to offer in the peak demand 
periods of summer and often missing the 
minor epidemic demands of winter, they 
find the competition very difficult to 
overcome. While individual producers 
in these areas may well find the lemon 
to offer the best alternative for their re- 
sources at hand, the present indication 
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enough to serve as an obstacle to the 
development of any significant demand 
as a fresh fruit. Florida producers who 
attempt to compete for the fresh lemon 
market almost invariably resort to the 
lime as a better alternative. 

Fifty years ago, Sicilian production 
dominated the market of western Europe 


is that the present major producing and even the United States, but gradu- 
areas will continue to dominate the ally over the years the position of Sicily 
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market because of their ability to supply 
a year-round market unless basic mar- 
keting and demand conditions change 
substantially. Buyers with a year- 
round demand are obviously more at- 
tracted to a year-round supplier. 
Florida emphasizes a still greater pe- 
culiarity in that growth continues be- 
yond a fruit size wanted in the market. 
In fact, the taste and extraordinary size 
of the fruit is asserted to be different 
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California-Arizona lemon picks, shipments and storage by months (8). 
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has declined, and now California exports 
regularly to the European markets 
(Table II). A number of factors en- 
tered into this reversal of position. Ap- 
parently production difficulties of im- 
portance have held sway in Sicily. The 
most often mentioned is mal secco (4), 
a disease which reports indicate has had 
a most deleterious effect. Reports indi- 
vate there are no storage facilities avail- 
able, and with most of the production in 
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TABLE II 
SHIPMENTS OF LEMONS AND LIMEs to Europe, 
Nor Inctupine THE Unitrep Kinepom ’ 


(1000 boxes) 
1930-31 to 


40-41 (average) 21 
1937-38 72 
38-39 92 
1945-46 2 
46-47 29 
47-48 1 
48-49 2 
49-50 15 
1950-51 102 
51-52 186 
52-53 187 


*Foreign Agricu!tural Service, U. S. Depart- 
ment of Agriculture, and Sunkist offices. 

the winter a serious difficulty exists in 
meeting California competition ' (2, 10). 


California Operations 


Because of this jocalization in the 
lemon industry, the remaining discussion, 
unless specifically noted, will be re- 
stricted to the main California producing 
districts within the Santa Barbara, 
Riverside and San Diego triangle. 

Because of these seasonal situation 
characteristics, the picking policies and 
storage facilities play an important part 
in the marketing process. The picking 
policy problem is based on the ripening 
characteristics of the fruit, constituting 
in favored areas for any given fruit a 
period of at least some weeks and often 
of months during which quality features 
remain much the same except that the 
color gradually shifts from green to a 
yellow red. While there are some 
changes in juice, acid and other char- 

1 The Foreign Agricultural Service, U. 8. De- 
partment of Agriculture (11), reports Italian 
lemon production as follows: 


Season 
1953-54 1954-55 
(1,000 boxes) 
Winter lemons 8,500 6,800 
Summer lemons ..... 1,000 1,475 
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acteristics, the only pertinent change is 
the decline in chlorophyll in the rind, 
which change apparently largely corre- 
lates with the storage life potential of 
the fruit *. 

The fruit, however, will not be picked 
early while still green unless it has 
achieved a size which will bring a fairly 
good price on the market. Obviously, 
this larger size also increases the volume 
of fruit available for sale. Market 
value, however, declines if size is exces- 
sive. Also some growers believe that 
holding too much fruit on a tree has an 
adverse effect on future yields. The de- 
cision to pick a given fruit then involves 
very nice judgment in which, on the one 
hand, there is the desire to pick early 
enough in the life of each fruit so that a 
desirable storage life is attained. At 
any given pick time, one can say that 
the management tries to estimate a 
policy of picking which for any given 
fruit will give a maximum period of ship- 
ability, having in mind both the remain- 
ing life on the tree and the future time 
in storage. Judgment is dependent on 
the receding color line, on texture, on 
weather conditions, on experience with 
ach particular grower’s lot, and also on 
costs of extra picks in the orchard and 
on availability of labor*®. If a crew, for 
instance, can be brought back into the 
orchard in four weeks, a quite different 
picking line will be followed than if the 
crew cannot be brought back before 
eight weeks have passed. 

Since the flowering time of lemons is 
scattered through the months, fruit de- 
velopment on any tree is not uniform 


2The author recognizes limitations 
on his part in any attempt to describe these 
characteristics. See Bartholomew and Sinclair 
for the authoritative discussion of what is 
known concerning the physiology of the lemon 
(1). 

8 The economist will think of this problem 
in terms of equating marginal returns, but no 
attempt will be made here to elaborate along 
such lines of analysis. 
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seasonally; thus at any given time only 
a part of the crop is picked. The picker 
must choose any fruit which is large 
enough to justify picking regardless of 
color and also any fruit which has 
changed color so far as to justify pick- 
ing regardless of size. While some 
“clean up” picking may discard these 
nice distinctions, generally every fruit is 
selected with a calculating eye. The 
costs of picking are obviously high and 
average close to one cent a pound. 

A long period of training and experi- 
ence play a great part in the ability to 
pick lemons properly, and even then not 
all packing house managements acquire 
the necessary ability if they are to maxi- 
mize returns *+. Without doubt, this spe- 
cific ability is an important reason for 
the control of picking having been turned 
over to the packing house managements 
by the growers. The latter simply do 
not spend enough time studying the mat- 
ter to have more than a cursory knowl- 
edge of the problem. 

Distance from market plays a key 
part in the operations of the industry. 
Eight to twelve days normally will 
elapse between the time of packing and 
receipt in the East, and the fruit still 
has to go through the wholesale and re- 
tail market before reaching the con- 
sumer, and still more days will pass be- 
fore actual use. It is evident that fruit 
to be shipped must have considerable 
stamina. In fact, the management of a 
storage house has a very difficult prob- 
lem in determining just when to ship. 
By and large, the earlier the shipment is 
made, the stronger the fruit for ship- 
ment, and consequently the better the 
arrival and sales conditions in the ulti- 
mate market. However, the temptation 
to hold for a later market is always at 
hand. Here again skill and an intimate 
knowledge of each lot of fruit play im- 

4A good picture of the complexities involved 


is found in a report by Wellman and Street 
(10). 
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portant parts in the success with which 
the lemons are sold. ; 


* 


Industry Organization 


Few industries are so thoroughly or- 
ganized. Roughly about 87 percent of 
the shipments are made through a single 
organization, now called Sunkist Grow- 
ers, Inc. While the marketing organiza- 
tion has established itself long since as 
one of the finest in the fruit and vege- 
table world, it should be immediately 
noted that the technique of picking, stor- 
ing and actual shipping is left largely to 
the prerogative of the individual pack- 
ing house manager. These houses, un- 
less set up for a single large grower, are 
usually cooperative. The house itself 
may be owned by a private corporation 
or partnership, but in the operation of 
the house one will find many cooperative 
concepts. In any case the management 
is centered on a highly independent in- 
dividual who typically is referred to by 
the industry as a “ fruit man”. 

The distance from markets with the 
difficulties of proper shipping played a 
part in what was perhaps the most com- 
mon and dominant characteristic of the 
year-round sales. The shipper with 
heavy storage supplies was always 
tempted to ship on the basis of informa- 
tion which often was nothing more than 
a speculative consideration. As a re- 
sult, gluts and scarcities followed in 
regular procession. To avoid their re- 
currence, control measures were sug- 
gested, and once these policies were 
adopted they led to other policies simply 
because the requisite organization and 
legal foundation was there. It was 
probably inevitable that policies tending 
to maximize returns in each season alone 
would be adopted. 

This problem of shipping to meet 
highly fluctuating demands from a dis- 
tance is regarded as a basic economic 
problem of the industry, and certainly it 
is such unless the physical feasibility of 
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storage in the East in sufficient quan- 
tities to take care of most fluctuations 
that may occur is a practical reality. 
This is not known, although some east- 
ern storage has been effected throughout 
the history of the industry. It is as- 
serted that one cannot store in the East 
because decay conditions would be ac- 
centuated. Of course, at no time has 
there been adequate storage facilities, 
but it would seem to be as practical to 
build them in the East as it is to build 
them in the West. Some economy can 
doubtless be asserted for sales from stor- 
age in the production area simply be- 


‘ause fruit that could not be sold under 


poor demand conditions would not thus 
have incurred the heavy expenses of 
packaging and shipping. Nevertheless, 
if one assumes that the fruit largely is to 
be sold, the cost of storage should not be 
too different. The problem of this de- 
“ay, however, remains. Alternaria rot 
(4) and other specific conditions are said 
to be greatly increased under eastern 
storage conditions. The author is not 
acquainted with any decisive data on 
this particular question. If it is true 
that storage in the East is not practical, 
then this whole conglomeration of prob- 
lems which have been described must be 
regarded as basic physical conditions 
which cannot be avoided. 

If eastern storage were practical, then 
of course a certain simplification and 
economy could be projected as a practi- 
cal proposition. Storage in the produc- 
tion area, however, is argued for by in- 
dustry leaders as a basic policy and 
quite probably would be insisted upon, 
even if eastern storage were technically 
feasible. The reason for the insistence 
is the belief that the marketing control 
devices in use would not be manageable 
if storage were in the East. 

These various factors—the localization 
of production, fluctuations in demand, 
difficulties of meeting those demands 


from a distance, and the resulting highly 
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organized character of the industry— 
have led to what must be regarded as 
the dominant policy in the industry for 
the last generation, namely, restricted 
shipments on behalf of price control. 
These have taken two fundamental 
forms. First, there is a purely industry 
control procedure activated through the 
Sunkist Growers and being contributed 
to by State and Federal governments 
merely by allowing it to exist under the 
current exemption to the anti-trust legis- 
lation. The second basic form is that 
under the Federal Agricultural Market- 
ing Agreement Act of 1937, which forces 
all growers to participate in the control 
program. 

A picture of the interrelated develop- 
ment and effects of these control policies 
is found in Table III. In 1924-25, 91 
percent of the fruit was shipped fresh; 
in 1926-27, only 67 percent. The aver- 
age percent shipped fresh was main- 
tained at 80 percent until 1938-39, since 
when only about two-thirds of the crop 
was so handled. Until recent years the 
diverted fruit brought little or no direct 
returns to the growers; the advantage to 
the grower derived entirely from the 
effects on the price of the restricted fresh 
supplies °. 

A most interesting complication of 
horticultural significance arises in man- 
agements’ picking and storage policies 
which derive from this control program. 
The right to ship lemons is distributed 
among packing houses pro rata on the 
basis of the amount of fruit each one has 
in storage. In consequence, any length- 
ening of the storage life of fruit by a 
particular storage house will increase the 


5The economist’s reaction, of course, is 
dominated by the resultant production for 
many years of large quantities of lemons which 
had no economic value (50 percent more than 
taken at the return level that just maintained 
production). In this report, however, no at- 
tempt has been made to analyze these particu- 
lar economic considerations. 
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TABLE III 


PropucTION AND Principat Utimization or Lemons (8) 


(Standard box equivalents) 


, Production 
Year 
(mil. boxes) 


(mil. boxes) 


1924-25 5.3 48 
25-26 73 58 
26-27 6.9 46 

7-28 5.4 49 
28-29 76 5.6 

1929-30 6.1 56 
30-31 79 5.7 
31-32 77 53 
32-33 6.7 5.7 
33-34 73 62 

1934-35 108 7.2 
35-36 78 74 
36-37 76 65 
37-38 93 78 
38-39 11.1 78 

1939-40 12.0 83 
40-41 17.2 8.9 
41-42 11.7 79 
42-42 14.9 9.6 
43-44 11.0 93 

1944-45 12.6 9.6 
45-46 14.5 9.1 
46-47 13.8 9.4 
47-48 12.9 8.5 
48-49 10.0 78 

1949-50 11.4 78 
50-51 13.4 83 
51-52 12.8 8.4 
52-53 12.6 82 
53-54 16.1 8.5 

5-year average 

24-25 to 28-29 6.5 5.1 
29-30 to 33-34 7.1 5.7 
34-35 to 38-39 93 73 
39-40 to 43-44 13.4 88 
44-45 to 48-49 128 8.9 
49-50 to 53-54 13.3 82 


amount of fruit held by this particular 
house any particular week, and hence 
increase the proportion of the industry’s 
total shipments made by this house. In 
further consequence each manager not 
only tries to hold his fruit as long as 
possible; he emphasizes more than ever 
picking policies which will lengthen stor- 
age life. Most important, perhaps, fruit 
is held in storage as long as possible be- 


Fresh shipments 


Frozen single strength 
& concentrated juice 
(percent) (mil. boxes) (percent) 
91 
79 
67 
91 
74 
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fore shipment, and thus its strength for 
shipment is reduced. 

The feasibility of different packing 
houses thus lengthening storage life 
varies greatly, in part because of differ- 
ences 12 storage facilities and because of 
differences in the skill of management, 
but primarily because of differences in 
fruit. Fruit differences consist not only 
in exact differences in potential storage 
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the area’s season of 
heavy storage. The season of heavy 
picking and hence of heavy storage 
varies considerably among the areas. 
If one house happens to have its heav- 
iest storage in a period which coincides 
with the industry’s heaviest shipping, 
percentagewise to storage, that house 
will ship a higher percentage of its total 
year’s pick than will a house which at 
the same heavy shipping time has in 
storage a small amount of fruit. These 
differences may seem obscure, but they 
are important. In a recent case study 
it was demonstrated that if one house 
could have achieved the storageability 
characteristics of another house, it would 
have increased its sales by 18 percent ® 
(6). 

A generalized economic argument in 
favor of control is that it contributes to 
greater equity among growers. In this 
particular relationship, however, horti- 
cultural conditions have been such that 
the control system has created inequities 
of importance. 

As indicated in Table III, an impor- 
tant development of recent years has 
been the sales of new juice products de- 
rived from the frozen concentrate proc- 
The first effect, relative to our in- 
terest here, was to radically change the 
return picture on processed lemons. Un- 
til this new method was developed, the 
processed lemons returned little or noth- 
ing to the grower. The new process, 
however, is profitable enough so that 
many new competitors are appearing on 
the horizon (5). The areas of short sea- 
son production can produce lemons for 
juice very economically, and the frozen 
product can be stored long enough to be 


life but also in 


ess. 


6 At times a further adjustment can be made 
in fitting fruit to particular time requirements 
of the market by picking green lemons and 
treating them with ethylene gas, thus hurrying 
the harvest. Naturally the house gains virtu- 


ally no rights to ship under such short storage 
practices, and it is significant that in recent 
years the practice has nearly disappeared. 
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offered throughout the year. Florida 
production in particular may pose a 
problem, and some significant imports 
of juice in barrel lots have been received 
from Italy. Florida concentrators can 
handle the product at otherwise idle 
times at a very low cost and, with outlet 
channels for frozen products well estab- 
lished, may be in a position to offer seri- 
ous competition. It is too early to judge 
how serious this competition may be, but 
under the prices now being maintained it 
still pays to ship as many boxes fresh as 
possible. 


Current Problems 


Current developments raise a ques- 
tion as to the permanence of certain of 
these policies. Without doubt, the ma- 
jor technical change from the standpoint 
of potentialities is the development of 
frozen concentrates. It is not simply a 
method of sale. It could make feasible 
large-scale production from short season 
areas. Southern California may find 
formidable competition from the San 
Joaquin Valley, the low desert areas of 
the Mojave and Arizona, from Florida, 
and particularly from the Mediterran- 
ean. One would be rash, however, to 
jump to any conclusion. The facility 
with which southern California pro- 
ducers have adopted the new corrugated 
paper container with its great cost re- 
ductions indicates that they are in a 
position to offer strong competition in 
behalf of fresh fruit’ (7). In addition, 
being able to offer the frozen concen- 
trate as a by-product gives them a pecu- 


7 The development of this carton is in itself 
an interesting illustration of the relationships 
between economics and horticulture. The new 
method of packaging from the first indicated 
important cost reductions were possible, but it 
involved the use of a tight package in place of 
a ventilated one, a change which tradition and 
fruit men said was impossible. Tests estab- 
lished the tradition was not true. It should be 
added that the use of diphenyl! was a great aid 
in the changeover. 
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liarly strong position to counter com- 
petition, even with the juice products 
from other areas. 

The question of what area will hold 
the market is not, perhaps, the prime 
question; rather it is what policies will 
survive. Few characteristics of the 
present market are more questionable 
than those revolving around the current 
restriction policies. The maintenance of 
the market as a fresh fruit outlet may 
well foree a re-evaluation of policies 
which influence the level of fresh fruit 
prices. 

The prime interest in this paper has 
been the interrelationships that exist be- 
tween the lemon industry’s economic 
conditions and policies, on the one hand, 
and the fruit production and handling 
techniques on the other. The develop- 
ment of these techniques has enabled 
the California industry to satisfy a 
highly complex structure of demands for 
lemons. The resulting localization of 
the industry has enabled its leaders to 
build up a control program which has 
served as a model for most other experi- 
ments of this type during the last quarter 
century. The control program, more- 
over, appears to have accentuated the 
use of certain of these fruit-handling 
techniques to a point where serious prob- 
lems exist in terms of the quality of 


fruit delivered and of equities among 
growers. 
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(Continued from p. 65) 
aspects of corn related in this book, not the 
least of which is a commentary on the most 
important of the Spanish chroniclers who 
provided the historical background for any 
treatment on the subject. True to its title, 
the book, except for half a page, is concerned 
with corn as it existed in America before it 
became the great farm product of the New 
World and the subject of the extensive ge- 
netic and other investigations which in more 
recent decades have resulted in an enormous 


technical literature. That half page refers 
to modern breeding of corn, more specifically 
to “hybrid corn”, and calls attention to a 
hazard that may exist in this modern pro- 
cedure, in so far as it tends to eliminate 
genetic factors which today may be of no 
value but which at some future time may 
be regarded as of importance. This possi- 
bility, fortunately, is not unrecognized, and 
the author notes that a definite program is 
already being implemented to preserve this 
great wealth of possibly valuable qualities. 


Bryophytes as Economic Plants 


Mosses and liverworts, apart from peat provided by the 
former, have not been of significance in furnishing use- 


ful products. 


They are, however, of importance in the 


general economy of nature, and have been used in a 


variety of ways. 


JOHN W. THIERET 
Chicago Natural History Museum 
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Introduction 


From the viewpoint of traditional eco- 
nomic botany, the Bryophyta, compris- 
ing some 23,000 species, are of but slight 


value. With the exception of peat 
mosses (Sphagnum), hair-cap mosses 
(Polytrichum) and liverworts (Mar- 


chantia), man has made almost no use 
of bryophytes. However, economic bot- 
any, in a contemporary circumscription, 
must take a more realistic view of the 
value of these plants. They must be 
considered not only as plants which pos- 
sess a limited direct value to man but 
also as organisms which influence him 
through the considerable role they often 
play in the biota in which humanity 
lives. The facts that man makes baskets 
out of the stems of Polytrichum, lamp 
wicks out of Dicranum, and grows heaths 
in peat moss, are somewhat trivial and 
ephemeral, even though of interest. Of 


~ 
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more enduring significance is the im- 
portance of bryophytes in the economy 
of nature—their role as rock builders, as 
aids in soil conservation, and as plants 
which play an important part in the de- 
velopment of vegetation. It is because 
of these and similar roles—indirect in- 
fluences on and value to man from his 
point of view—and man’s direct utiliza- 
tion of certain mosses and liverworts 
that these plants are entitled to be 
ranked as of “ economic ” importance. 


Biology 

The Bryophyta include the liverworts 
(Hepaticae) and mosses (Musci). These 
plants, all of which are relatively small 
in comparison with other land plants, 
are essentially terrestrial, although most 
of them are restricted to moist and 
shaded sites, since an abundance of 
water is needed for their active growth 
and reproduction. These plants appear 
to have evolved from the green algae. 
From the thallophytes, the mosses and 
liverworts may be distinguished prin- 
cipally by their multicellular sex organs 
which have a protective jacket of sterile 
cells. The sex organs of thallophytes 
are usually unicellular or, if multicellu- 
lar, lack a jacket of sterile cells. 

The life cycle of a liverwort or moss 
shows a distinct alternation of genera- 
tions, the gametophyte and the sporo- 
phyte. A liverwort gametophyte may 
grow either as a flat, ribbon-shaped, 
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branching plant or as a branching leafy 
shoot. The gametophytes of nearly all 
mosses have two stages in their growth: 
(a) a branching filamentous protonema 
from which arise (b) shoots bearing 
leaves. The sporophyte in most bryo- 
phytes is a relatively small plant, usu- 
ally parasitic upon the gametophyte. 

The haploid gametophytes bear sex 
organs, archegonia and antheridia, within 
which are produced eggs and sperms, 
respectively. The union of an egg, 
within an archegonium, with a sperm 
forms a diploid zygote. From this de- 
velops the sporophyte plant which con- 
sists of a capsule and, in most species, 
a stalk and a foot. Within the capsule, 
spores are formed by meiotic division. 
Each of these haploid spores is capable 
of developing into a gametophyte. 

Although often abundantly —repre- 
sented in the flora of the temperate re- 
gions, bryophytes seldom make up a 
conspicuous portion of the vegetation. 
In the North, however, certain species 
may occupy large areas and become 
dominating plants. Also in tropical for- 
ests of higher elevations, bryophytes 
may become a conspicuous part of the 
vegetation. 


Peat Mosses and Peat 


Sphagnum and other mosses are 
largely responsible for the formation of 
peat, and, in fact, some peats consist of 
little else than the compressed remains 
of sphagnum. The plants that contrib- 
ute to the formation of peat often in- 
clude reeds, sedges, grasses, cattails, 
ferns and shrubs in addition to mosses. 
Generally these plants grow luxuriantly 
and in dense stands, and, as a result, 
large amounts of dead vegetation ac- 
cumulate each year. In time, the de- 
posits attain considerable thickness, as 
the lower layers, under pressure of the 
overlying later deposits and water, are 
gradually compressed and carbonized, 
and peat is formed (76). 

The people of northern Europe have 
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made use of peat as a fuel for centuries. 
More receritly the Europeans have 
burned peat in the generation of power 
and have encouraged its use by the ap- 
propriation of funds to aid new and 
promising means of preparation. In 
Canada, relatively successful attempts 
have been made to utilize peat so com- 
mon there. In the United States, little 
attention was paid to peat fuel until 
the anthracite strike of the winter of 
1902-03 when people of a large section 
of the country became aware of their 
dependence on coal miners for a fuel 
supply. Immediately after the strike a 
series of costly unsuccessful efforts was 
launched to produce peat fuel on a com- 
mercial scale (28). One of the reasons 
for the lack of success in the promotion 
of peat fuel in this country is the fact 
that the process of preparing peat for 
use is a costly one, and thus the finished 
product cannot be produced cheaply 
enough to compete with fuels in general 
use. 

In Europe, however, the story is dif- 
ferent. There, peat fuel is still being 
used on a commercial scale (100). This 
type of fuel has been utilized especially 
in the Netherlands. There peat bogs are 
drained by means of canals, and peat 
is dug, dried, and compressed into bricks. 
The bricks are then loaded into boats— 
that travel the canals dug in the bogs! 
—and taken to the cities. On the re- 
turn trip the boats are loaded with ref- 
use which is used as fertilizer to trans- 
form peat tracts into arable land. At 
one time manufactories for making illu- 
minating gas from peat existed in 
France. Peat used for this purpose was 
soon replaced by coal, a more satisfac- 
tory material (76). 

Some interesting uses of peat other 
than as fuel have been reported. Ethyl 
alcohol has been made from peat by 
chemical treatment to break down the 
cellulose into sugar and by the conver- 
sion of this sugar, through fermentation, 
into aleohol (76). Production of gas 
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from peat yields ammonium sulphate as 
a by-product, a method which has been 
used in Germany to obtain this com- 
pound. Nitrates have been produced 
from peat, as have brown dye and tan- 
ning materials. Peat has been manufac- 
tured into paper, woven fabrics and arti- 
ficial wood, and when cleansed of sticks 
and other coarse matter, employed as a 
satisfactory mattress filler (28). 

In the United States moss peat is util- 
ized extensively as an absorbing and 
deodorizing material. It furnishes an 
excellent bedding material for horses 
and other animals, its absorbing powers 
enabling it to take up and retain liquid 
manure more efficiently than other types 
of litter. It reduces losses in available 
nitrogen, deodorizes liquid manure, and 
checks insect pests in the structures 
where animals are housed. It is some- 
times used as an absorbent in areas not 
having sewer systems. Moss peat is 
commonly added as a filler or condi- 
tioner to concentrated mineral fertilizers, 
and as a source of organic matter for 
soils (23). Peat has been called “ the 
most important source of humus in the 
world ” (32). Arguments have been ad- 
vanced against direct use of peat as a 
fertilizer, since the nitrogen contained 
in it is apparently not readily available 
to plants. However, the total quantity 
of potential soluble nitrogen formed and 
released by bacterial action after peat 
has been applied to the soil is, as shown 
by chemical analysis, often greater than 
the amount in commercial fer- 
tilizers. There are indications that bac- 
terized peat 


some 


is an even more prolific 
source of nitrogen than the crude ma- 
terial (93). 

Finely shredded moss peat and sphag- 
num are utilized extensively by horti- 
culturists and florists * as media for seed 
germination, to start cuttings, to trans- 

* Certain studies have indicated that, among 


florists, sphagnum moss may be a 
sporotrichosis, a fungal disease (40). 


source of 


plant and grow heaths, evergreens and 
other plants, to propagate rare orchids, 
ete. Since moss peat is relatively sterile, 
it serves well as a packing material for 
the shipment of perishable fruits, vege- 
tables, bulbs and tubers. It is able to 
retain the essential moisture for a long 
time and to insulate against heat and 
cold (23). Peat has been used in Eu- 
rope as a material in which to pack 
meat, fish, eggs and fruit for cold stor- 
age (28). It has even been used for 
stock food in mixture with molasses, 
making the molasses easily available for 
the animals. In addition, peat has a 
certain food value (27). 

According to Davis (29), the follow- 
ing products have been obtained from 
peat by various methods: acetic acid, 
methyl aleohol, humic and allied acids, 
carbonic acid, paraffin, naphtha, pitch, 
montan wax, and lignins used in making 
plastics. Peat has been used in mill- 
board, with clay for making porous 
bricks, as a filler in making plastics, in 
life preservers, as a disinfectant, as a 
possible source of petroleum, as a bac- 
terial culture medium, and as a material 
which, when burned, makes an excellent 
smudge screen against frost. 

Peat soil, when properly treated, is 
one of the best agricultural soils in the 
United States (28, 76, 93). Peat bogs 
afford an almost perfect trap and pre- 
serving medium for animals and plant 
parts. By the study of pollen from peat, 
the character of past vegetation in the 
bog’s vicinity may be revealed. 

Additional references to peat and its 
uses are: 12, 21, 22, 26, 31, 51, 52, 75, 84. 


Medical Uses 


As medicinal plants, bryophytes have 
received little use. Among liverworts, 
the cosmopolitan Marchantia poly- 
morpha has been used in the treatment 
of pulmonary tuberculosis (86) and af- 
fections of the liver—but what success 
has been achieved 
ported. 


seems to be unre- 


The treatment of liver ailments 
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with Marchantia polymorpha represents 
an excellent illustration of the curious 
old “ Doctrine of Signatures” which 
taught that the medicinal uses to which 
plants could best be put are shown by 
the shape and structure of the plants. 
For example, a plant with heart-shaped 
leaves surely could be used with efficacy 
for heart ills. Similarly, Marchantia 
plants, because of their fancied resem- 
blance to the liver, would be effective in 
the treatment of ailments of that organ. 
From an old herbal (20) comes the fol- 
lowing statement concerning Marchan- 
tia: “ It is a singular good herb for all 
the diseases of the liver, both to cool and 
cleanse it, and helps the inflammations 
in any part, and the yellow jaundice 
likewise ” 

Representatives of several moss gen- 
era have been listed as having medicinal 
properties (63). Dried sphagnum is 
offered for sale in various herb shops in 
parts of China. The whole-plant is 
boiled in water, and the decoction is said 
to be used to cure acute hemorrhage and 
eye diseases (92). A tea made of Poly- 
trichum commune is purported to help 
dissolve stones of the kidney and gall 
bladder (87). According to various 
writers, peat tar extracted from peat 
possesses antiseptic and preservative 
properties. Sphagnol, a distillate of peat 
tar, is supposed to be authoritatively 
recognized as useful for the treatment of 
several skin diseases and has also been 
recommended to relieve the itching of 
insect bites and even to prevent them 
(45). The Alaska Indians make a salve, 
used for cuts, by mixing sphagnum 
leaves with tallow or other grease (57). 

Sphagnum has far more medical im- 
portance than other mosses, mainly be- 
cause of its great absorbent power (it 
‘an absorb many times its own weight 
of water) and its slight antiseptic prop- 
erties. A sphagnum leaf consists of two 
kinds of cells: small green cells which 
form a network, and large, empty, hya- 
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line cells which occupy the meshes of this 
network and which are usually perfo- 
rated with pores. These porous cells of 
the leaves together with those of the 
stem and branches are chiefly responsi- 
ble for the water-absorbing and -retain- 
ing powers of sphagnum. 

Sphagnum has long been used for 
making absorbent bandages For cen- 
turies, country people in the British Isles 
have used it in the treatment of boils 
and discharging wounds. It was at least 
recommended, during the Napoleonic 
and Franco-Prussian wars, for use by 
army surgeons (79). Sphagnum was 
first used surgically in a large way dur- 
ing the Russo-Japanese war when the 
Japanese utilized it extensively as a 
first-aid dressing. Indeed, it was found 
to make a better dressing than cotton 
(58). However, the value of sphagnum 
in surgery was apparently not fully ap- 
preciated until World War I, and by the 
end of the war the total British output 
of sphagnum dressings is estimated to 
have been about one million pounds per 
month (74). 

In the United States, 500,000 dressings 
were prepared after the American Red 
Cross approval of sphagnum in March, 
1918, until the war’s end in November 
(74). It is estimated that the use of 
sphagnum in place of cotton for dress- 
ings resulted in a saving, to the British, 
of not less than $200,000 per year. Per- 
haps equally important was the release 
of scarce cotton for use in explosives 
(57). 

During the war the Germans were 
probably more active than the Allies in 
the utilization of sphagnum. Their need 
for a cotton substitute was greater than 
that of the Allies, of course, and the use 
of sphagnum was quite common, espe- 
cially on the Russian front (60). Cer- 
tain allied prisoners of war reported that 
part of their work, while in German 
hands, was to gather sphagnum from 
bogs (57). 


Fic. 1 (Upper). Block of moss peat. Peat, often formed largely from the compressed 
remains of Sphagnum and other mosses, is an important source of fuel in many areas. Numer- 
ous manufactured products can be made from peat 

Fic. 2 (Lower) A liverwort as an experimental plant. Marchantia polymorpha as grown 
in plant nutritional studies at the University of Chicago 
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The sudden cessation of hostilities in 
November, 1918, brought to a halt the 
sphagnum enterprises of Europe and 
America. During World War II, atten- 
tion was called to peat moss as a suita- 
ble material for surgical dressings (24), 
but apparently the need for a cotton 
substitute never became critical. 

According to Porter (79), sphagnum 
has the following advantages over cot- 
ton for surgical use: (a) the moss ab- 
sorbs liquids more rapidly, about three 
times as fast, and in amounts three to 
four times as great as cotton; (b) sphag- 
num retains liquids much better, thus 
reducing the number of times the dress- 
ing needs to be changed; (c) sphagnum 
distributes absorbed liquids more uni- 
formly throughout its mass; (d) sphag- 
num dressings are cooler, softer and less 
irritating than those made with cotton; 
and (e) these dressings can be produced 
more rapidly and cheaply in emergen- 
To the Germans, one of the ad- 
vantages of sphagnum was that it was a 
product of the homeland where “no 
blockade can present itself as an ob- 
stacle ”’ (60). 

Further references to the use of sphag- 
num in surgery are: 59, 71, 72, 73. 


cles. 


Hair-Cap Mosses 


The hair-cap mosses (Polytrichum) 
were among the first of the Musci to 
receive a distinguishing name. Also 
called “ golden maiden-hair”, they re- 
ceived their name from the long hairs 
that grow from a scale-like structure at 
the top of the capsule and form what is 
aptly called a “ hair-cap”. At one time, 
a decoction of the common hair-cap 
(Polytrichum commune) was much used 
to “strengthen and beautify ” ladies’ 
tresses—this again in accordance with 
the Doctrine of Signatures. 

The value of this moss for bed and 
bedding is supposed to be great to the 
Laplanders. They select a patch of 


plants, cut out an area large enough for 


a bed, and separate this mass of inter- 
twined plants from the soil. A similar 
portion of the moss patch serves well as 
a cover. The moss bed may be rolled up 
and carried from place to place. It is 
said that Linnaeus, in his wanderings, 
often slept on such a bed. In northern 
England hair-cap mosses are used to 
stuff mattresses and upholstery (103). 
Gilbert White, in his Natural History 
of Selborne (105), wrote as follows of 
another use of Polytrichum commune: 


While on the subject of rural economy, it 
may not be improper to mention a pretty 
implement of housewifery that we have seen 
nowhere else; that is, little neat besoms which 
our foresters make from the stalk of the Poly- 
trichum commune, or great golden-hair, which 
they call silk-wood, and find plenty in the 
bogs. When this moss is well combed and 
dressed, and divested of its outer skin, it be- 
comes a beautiful bright chestnut color; and, 
being soft and pliant, is very proper for the 
dusting of beds, curtains, carpets, hangings, &c. 

The stems of this common moss are 
often a foot to 18 inches in length, and 
sometimes considerably longer. The 
central core of the stem, when cleaned, 
forms a pliable tough strand, well suited 
for the manufacture of brooms, brushes 
and plaited articles such as mats, rugs, 
baskets and hassocks, apparently quite 
an ancient art. One of the oldest known 
examples of it is a partially finished 
Polytrichum basket that was found at 
the bottom of the ditch of the early Ro- 
man fort at Newstead, Roxburghshire, in 
England. An indication of the age of 
the basket is given by the date (A.p. 86) 
of the latest coins in the same ditch 
(95). Probably about the same age are 
a “four-plied plaited object” and a 
“ fringe-like structure’ made from the 
long stems of the hair-cap moss and 
found during the excavation of the 
Lochlee Crannog in Scotland (69). 


Use in Experimental Biology 


As far as the biologist is concerned, 
the use of mosses and liverworts as ex- 
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Fia. 3. 


Unfinished basket of hair-cap moss. 


This article, plaited from stems of Polytrichum 


commune and found in Roman ruins in Great Britain, is nearly 1900 years old, perhaps the oldest 


known example of this use of hair-cap moss. 


perimental plants is of the greatest 
fundamental importance. In studies in- 
volving bryophytes, researchers have 
contributed significantly to our knowl- 
edge of various phases of plant science, 
including genetics (1, 2, 9, 104), experi- 
mental morphology (8) and physiology 
(38, 39, 99). Among the outstanding of 
these studies should be mentioned at 
least the following: the first indication 
of the mechanism of sex determination 
in plants was revealed in Sphaerocarpos, 
a liverwort; Wettstein’s studies on het- 
eroploid bryophytes are classic; and re- 
generation in the bryophytes, one of 
their most striking characteristics, has 


been investigated by numerous workers. 
References to these and other studies are 
in the papers cited above. 


Bryophytes as Food 


One day in prehistory a mammoth 
made a meal out of a small portion of 
the cold Siberian tundra. Shortly there- 
after he somehow became entombed in 
ice. Thousands of years later he was 
removed from the ice, and his well-pre- 
served body was sent to the Natural 
History Museum in Paris. There the 
contents of the animal’s stomach were 
examined, and therein were found frag- 


ments of three mosses, Polytrichum 


82 ECONOMIC 


sexangulare, Hypnum revolens and H. 
stellatum (11). Whether the mammoth 
ingested the mosses, more or less by ac- 
cident, along with grasses is not known. 
Nevertheless, he has provided us with 
what is apparently the earliest known 
instance of bryophytes serving as food. 
They still serve as a food source, of 
varying importance, for many animals. 
The following examples of animals eco- 
nomically important to man are given in 
illustration. 

In the fall when insects are scarce, 
rainbow trout in various Colorado 
streams add to their diet several algae 
and mosses, e.g., Scleropodium obtusi- 
folium (89). Moss capsules of the 
Bryum and Polytrichum types form an 
important part of the food of Norwegian 
grouse chicks. Lid and Meidell (66) 
found capsules in more than half of the 
chick crops they examined. Scottish red 
grouse are very fond of the capsules of 
the moor-inhabiting mosses. Indeed, 
next to the young shoots and flowers of 
calluna, moss capsules constitute the 
main food of red grouse chicks (66). 
The Wyoming sage grouse includes a 
small amount of moss in its diet (43). 

The snow bunting utilizes as food the 
capsules of Bryum pendulum, B. nitidu- 
lum and probably other mosses, often 
depleting the good supply in certain 
areas of Scandinavia (5). Some English 
birds which include mosses as a small 
part of their diet are the moor-hen, the 
blackbird, the fieldfare and the song 
thrush (18). 

Grasses and lichens, followed by 
mosses, constitute the principal items of 
food for the Alaskan caribou. Mosses 
found in the contents of 24 caribou stom- 
achs were Hypnum spp., Dicranum spp., 
Polytrichum spp. and Hylocomium sp. 
(70). The idea that the muskox lives 


chiefly on mosses and lichens has been 
shown to be 
mosses in 
by these 


incorrect. Nevertheless, 
varying quantities are eaten 
animals. In at least some 
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areas where there is a scarcity of their 
usual staple food, grass, mosses are of 
great importance (56). Forty-three spe- 
cies of moss were listed by Hawden and 
Palmer (55) as occurring on a certain 
Alaska reindeer range. In summer, the 
reindeer graze upon Polytrichum spp., 
Aulacomium turgidum and Hylocomium 
alaskanum—and, of course, lichens and 
various vascular plants. In winter they 
include in their diet Polytrichum spp., 
Aulacomium  turgidum, Hylocomium 
alaskanum, Sphagnum fimbriatum and 
Dicranum spp. 

Man makes essentially no use of 
bryophytes as food. In a century-old 
medical and economic botany book, 
mention is made of the use of sphagnum 
as a “wretched food in barbarous coun- 
tries’ (67). Peat moss is included in 
a list of famine foods recently published 
in China (80). The Laplanders are said 
to have used sphagnum as an ingredient 
in the composition of bread (53). 

According to Grout (50), the spore- 
filled capsules of Polytrichum spp. might 
be eaten by a person starving in a wil- 
derness. 


Miscellaneous Uses by Man 


Mosses have been used as decorative 
material in several ways. Dicranum 
scoparium is often utilized by florists to 
form banks of green in show windows. 
As green carpets for floral exhibitions, 
Rhytidiadelphus triquetrus, R. loreus 
and Hylocomium splendens have been 
used in large quantities (103). English 
florists have fashioned Climacium ameri- 
canum into wreaths and crosses (62), 
and moss roses have been made from 
Hylocomium proliferum (7). In parts 
of Europe, moss is used in Christmas 
decoration to make a manger for the 
spirit of the Christ child (103). Some 
women’s hats, a half century and more 


ago, were decorated with bundles of 
Climacium dendroideum and_ other 
mosses (7, 16), a situation which 
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prompted a student of mosses to write 
in 1874 (98): “ And a lady’s cap which 
we saw in a window was in no wise 
adorned by having sprays of artificial 
moss tacked all over it... . Nor is a 
bunch of moss which has died of thirst 
suitable for trimming a bonnet. The 
chief beauty bonnets at present possess 
is their being fresh and clean; dry moss 
is particularly fusty looking, and is not 
improved by being died of a leather 
colour (!!), or a violent blue-green (!!!), 
the latter being the worst, as being a bad 
match, for moss is never a blue-green ”. 

Certain home owners have recently 
tried to increase the beauty of their 
shaded walks by encouraging the growth 
of mosses there. Many have even trans- 
planted mosses in an effort to beautify 
portions of their property. Others have 
encouraged the growth of mosses on new 
buildings to give them that “ old look ”. 
The color imparted to a landscape or 
roof by a moss covering has always been 
appreciated by lovers of the beautiful 
(49). 

A few of the leafy liverworts have 
been used to pack living plants in the 
tropics (35), and in the western United 
States at least three mosses, Neckera 
menziesti, Alsia abietine and Antitricha 
californica, have been utilized as pack- 
ing material for vegetables (37, 47). 
Leeches have been packed and shipped 
in Hypnum tamariscinum (103). 

Layering, a mode of reproducing 
plants, has sometimes been aided by ap- 
plication of moss where the incision is 
made (94). Formerly mosses were used 
in grafting to bind around the junction 
of stock and scion (53). 

The Cree Indians use Dicranum elon- 
gatum for lampwicks (13). For the 
same purpose the Eskimos of northeast- 
ern Labrador employ Rhacomitrium 
lanuginosum (54). 

In former times, a person settling 
down for a nap might have laid his head 
on a pillow stuffed with certain Hypnum 


PLANTS 83 


mosses, so-called because of the belief 
that these plants would induce slumber 
(the name Hypnum comes from the 
Greek “ hypnos "—sleep—from which is 
derived also the English word hypno- 
tism) (98). Hypnum purum is used by 
anglers as a medium for scouring worms 
(103). 

The American Indians utilized dried 
sphagnum as a diaper material (58). In 
addition to sphagnum, the Chippewa In- 
dians used another moss, Dicranum bon- 
jeam, as an absorbent (30). A native 
moss, “tuida” (probably a species of 
sphagnum) is employed by Fijans as a 
stuffing for pillows (78). Laboratory 
frogs are often kept in a tank with a 
layer of damp sphagnum, since the slight 
amount of iodine in the moss apparently 
helps prevent red-leg and other infec- 
tions (3). Sphagnum supplemented by 
egg yolk has served, with good results, 
to rear several species of anuran tad- 
poles (97). Peat moss has been stuffed 
between the timbers of houses to deaden 
sound, and, from remotest antiquity, 
has been used to calk ships (98). 

In sections of Europe a water moss, 
Fontinalis antipyretica, has been used 
for filling spaces between chimneys and 
walls. The basis of this practice is the 
erroneous belief that this moss will not 
blaze—thus, the name _ antipyretica, 
meaning “ against fire” (103). 

According to Hrdlicka (61), moss was 
used in old Eskimo burials as a bed 
upon which to lay bodies of the dead. 
The Indians of Mendocino County, Cali- 
fornia, use a moss, Alsia, as a bedding 
material, especially for babies (15). 


Detrimental or Harmful 
Bryophytes 


Thus far we have discussed a number 
of ways in which bryophytes are useful. 
On the other side of the ledger, some of 
these plants may be detrimental or 


harmful—often made so by the very 
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characteristics which contribute to their 
usefulness. 

Sphagnum moss may smother out a 
high proportion of young black spruce 
seedlings, thus retarding forest regenera- 
tion (85). Moss carpets in English 
beech woods, by keeping the tree seeds 
from becoming buried in the soil, also 
hinder regeneration (82). 

A collection of a water moss, Fontin- 
alis duriaei, from Cassia County, Idaho, 
has on it these data (103): “ Submersed 
in canals, on hard bottoms, catches on 
most anything and holds silt, forming 
mounds in the canals. It is hard to kill 
and costs considerable to keep it out”. 

One of the first mosses to appear on 
shingle roofs in western Washington is 
Dicranoweisia cirrhata. The moss pro- 
vides a lodging place for soot and dust, 
and soon a sort of soil accumulates. In 
a shady situation a new roof may be- 
come completely covered with 
within ten years. The rate of decom- 
position of shingles is greatly increased 
by the dampness held by the moss and 
soil. To remedy the situation, the roofs 
are creosoted every few years (37). 

Brachythecium albicans often crowds 
out the grass in lawns where dampness is 
excessive. As a preventive measure, the 
lawn must be watered less or lime must 
be scattered on it (37). Polytrichum 
spp. and Sphagnum spp. are sometimes 
found as weeds in infertile blueberry 
fields on moist soil. On tillable areas 
the soil improvement program of fertili- 
zing, liming and cropping is helpful in 
the control of mosses. Herbicides are 
often used on land which cannot be tilled 
(14). 


moss 


Bryophytes as Indicator Plants 


Like some flowering plants certain 
bryophytes serve well as_ indicator 
plants. Abundant stands of Marchantia, 
Funaria and Bryum may indicate fires 
of recent occurrence. A sandstone sub- 
stratum may be indicated by the pres- 


ence of Fissidens minutulus and F. in- 
curvus exiguus, and one that is alkaline 
may be indicated by Bryum argenteum, 
Grimmia apocarpa and Desmatodon 
porter. Dicranum scoparium and Leu- 
cobryum glaucum may be indicators of 
a substratum that is somewhat acid 
(103). Cajander (10) paid considerable 
attention to mosses as characterizing 
plants in his study of various forest 
types in Finland. In certain forests the 
hepatic flora, if carefully studied, can 
give an indication of humidity condi- 
tions and soil characters (6). 


Bryophytes as Aids in Soil 
Conservation 


Mosses are important in checking pri- 
mary sheet erosion, acting in much the 
same manner as leaf mold or duff. Moss 
plants bear the impact of rain drops, 
and they hold much of the water where 
it falls, thus reducing the amount of 
run-off. There is little or no turbidity 
in the run-off from moss-covered ground; 
furthermore, turbid water flowing 
through a moss carpet leaves a great 
deal of its sediment there (19). Stones 
and soil in the bed and on the banks of 
streams are sometimes covered with mats 
of various aquatic mosses (Fontinalis, 
Hygrohypnum, Brachythecium, Ambly- 
stegiuum). These mats are often densely 
packed with soil particles retrieved from 
the moving waters. In this way erosion 
of stream beds is reduced (48). 

Mosses mat soil together so that it re- 
sists being moved, often binding it to a 
depth of six or eight inches by a mix- 
ture of stems and rhizoids. Slopes up to 
the vertical can be maintained by these 
plants, though only on small areas, e.g., 
an eight-inch bank of gravel, can be held 
to a vertical position by Polytrichum 
commune (19). The soil-binding power 
of mosses is best illustrated perhaps 
where soil has been washed away from 
between clumps of moss, and moss- 
Even a mat of 


sapped plateaus remain. 
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moss protonemata can hold soil in this 
way (48). 

Unfortunately, carpets of moss are 
easily broken by the trampling of ani- 
mals. When broken, the mats peel off, 
leaving bare areas on which there is no 
impediment to erosion. It has been sug- 
gested that suitable mosses should be 
planted, by means of spore sowings or 
fresh chopped moss, on areas where ero- 
sion is likely to occur and which would 
be favorable to moss growth (19). 

In addition to helping decrease ero- 
sion, mosses assist in preserving the 
porosity of a soil and in adding valuable 


humus through their decay (35). Ac- 
cording to Richards (83), the moss 


covering of a soil is important in keeping 
it in the most favorable condition for 
the growth of trees. In parts of Ger- 
many removal of moss from forest floors 
has had an ill effect on tree growth. 


Bryophytes and the Development 
of Vegetation 


In the development of a vegetation 
cover on bare rock surface, bryophytes 
play a vital role. Mosses (Grimmia, 
Polytrichum, Tortula and others) begin 
to appear as soon as sufficient amounts 
of soil have gathered in crevices of the 
rock. The moss stage follows the crus- 
tose and foliose lichen stages and pre- 
cedes the herbs which, in turn, are fol- 
lowed by shrubs and trees. The mosses, 
which are able to endure much desicca- 
tion, continue growth above and die be- 
low, and rapidly accumulate soil between 
the erect stems, thus adding to the sub- 
stratum begun by the lichens. The 
depth of soil under the moss mats may 
be an inch or more (102). 

Moss mats, because of the moisture 
and humus which collect in them, form 
excellent seed beds for many rock-loving 
plants. On limestone cliffs of the Swiss 
Kurfirsten, Globularia cordifolia, Thy- 
mus sp. and Sarifraga aizoon usually 


germinate among mosses. It has been 
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recorded that Saxifraga cotyledon germi- 
nates only among moss (91). 

Mosses are important in the formation 
of surface mats over deep lakes and in 
the filling up of shallow bodies of water. 
Various species, especially the peat 
mosses, are important in bog succession 
from open water to climax forest (102). 
Taylor (96) described the floating is- 
lands in many of the ponds in northern 
Indiana. These islands were formed 
apparently as the result of the breaking 
loose of vegetation mats which extended 
from the shore out over the water. One 
of the common plants which took part 
in the mat formation was a moss, Cam- 
pylium stellatum. 

Polytrichum piliferum, P. juniperinum 
and Ceratodon purpureus occur as pio- 
neers on various types of soil in Britain 
(65). These species are the first colo- 
nizers of sand in secondary succession in 
inland sandy regions and also on heath 
land where burning of calluna has oc- 
curred. The hair-cap mosses are pioneer 
plants on certain types of rock detritus. 
Polytrichum piliferum is a pioneer on 
non-caleareous soils. Above 2000 feet 
in altitude, P. alpinum pioneers on rock 
detritus on exposed mountain slopes 
where the typical climax community is 
one dominated by a moss, Rhacomitrium 
lanuginosum. This species forms a pro- 
tective carpet against weathering, but its 
rhizoids have no great soil-binding effect, 
so that patches of it are frequently torn 
loose by weather action. On these bared 
areas, Polytrichum alpinum acts as a 
pioneer and stabilizer of detritus. 

As pioneers on sand, Polytrichum pili- 
ferum and P. juniperinum are able to 
exercise their soil-binding qualities most 
effectively. Even in the early stages of 
colonization, a very effective stabiliza- 
tion of the surface layers of sand is 
brought about by an abundant growth 
of rhizoids. P. piliferum is able to sur- 


vive being buried by wind-blown sand; 
in fact, the presence of the sand cover- 
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ing induces an abundant growth of rhi- 
zoids and branches. Thus the blown 
sand becomes bound together and stabil- 
ized. The raising of the soil level by 
such stabilized sand is reported to be as 
great as 20 centimeters (65). 

According to Warming (101), station- 
ary dune formation in northern Europe 
is aided by species of Polytrichum and 
Grimmia, by Ceratodon purpureus and 
others which, on areas of more or less 
sheltered sands, settle between the shoots 
of Psamma arenaria and Elymus aren- 
arius. The mosses become established 
and bind the sand with their rhizoids. 
Much the same situation was described 
by Richards (81) for the sand dunes at 
Blakeney Point, Norfolk. 

Griggs (46) reported that the debris 
of the Mageik landslide, then 18 years 
old, had not been occupied by flowering 
plants except around the terminus where 
the debris contained soil as well as rock 
fragments. In the upper portion, con- 
siderable areas of the debris were occu- 
pied by Cephalozia bicuspidata, Sca- 
pania mucronota, Lophozia bicrenata 
and Nardia scalaris, four species of leafy 
liverworts. 

Fissidens minutulus and F. incurvus 
exiguus occur as pioneers on bare sand- 
stone areas, and Grimmia apocarpa suc- 


ceeds lichens on limestone in Indiana 
(44). Conrad (19) reported Barbula 


unguiculata, Weisia viridula and Brywm 
sp. as pioneers on road banks in Iowa. 
Although not the first plants to occupy 
a certain bared area in northern Michi- 
gan, mosses eventually came to occupy 
90 percent of the area (41). 

Bryophytes are often the first plants 
to reappear in an area that has been 
made barren by volcanic action. The 
blanket of ash thrown out by Katmai 
Voleano, Alaska, in 1912 was too thick 
to be penetrated by shoots from surviv- 
ing roots; thus was presented the chance 
to study the revegetation of the ash by 
new plants. The ash, practically nitro- 
gen free, was found, in 1930, to be cov- 


BOTANY 


ered in many areas by extensive carpets 
of two liverworts, Lophozia bicrenata 
and Cephaloziella byssacea. Of these 
two species, the latter seemed the more 
important. Both species fruited abun- 
dantly on their nitrogen-poor substra- 
tum. In some manner they were able 
to secure sufficient nitrogen for their 
existence. They were truly the pioneer 
plants on the area, and seemed to make 
possible the establishment of other plants 
there. The organic matter produced by 
their growth probably gradually aceumu- 
lated to form the beginnings of a true 
soil on which even flowering plants— 
Salix, Artemisia and Calamagrostis— 
could live (46). 

After the eruption of Tarawera, New 
Zealand, in 1888, moss played a part in 
the revegetation of certain areas. Aston 
(4) wrote: “Occasionally, where the 
water supply is favorable, lichens and 
moss may perform their usual function 
of transforming the barren rock into fer- 
tile soil .. .”. Within ten years after 
the eruption of Soufriere Voleano on St. 
Vincent, the vegetation on much of the 
mountain slope had returned almost to 
normal. From 2000 feet upward, how- 
ever, only algae, lichens and mosses 
(Pogonatum textile and Philonotis ten- 
ella) were able to exist. Sands, in 1912 
(88), wrote of this area: “ There is no 
sign of any higher types; these will no 
doubt arrive as soon as the [algae, 
lichens, and mosses] have played their 
part and prepared the soil for them ”’. 

Certain lava streams in Iceland are 
colonized first by ecrustaceous lichens, 
followed by a pure turf of Grimmia hyp- 
noides, a moss. As soon as this moss 
has formed the necessary humus, various 
heath and rock plants are able to come 
in on the area (77). 


Bryophytes as Rock Builders 


It was demonstrated as far back as 
1862 that certain plants often play an 
important part in the deposition of trav- 
ertine (tufa), calcium carbonate precipi- 
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tated from the waters of springs, streams 
and lakes. This mineral has been used 
extensively as a building stone, espe- 
cially in Italy where among the struc- 
tures containing it are St. Peter’s and 
the Colosseum in Rome. The name 
travertine comes from the Italian “ trav- 
ertino ” which, in turn, is derived from 
lapis Tiburtinus—the stone of Tibur 
(now Tivoli) in Italy, the site of large 
travertine deposits. The deposition of 
this travertine has been attributed to the 
action of a number of aquatic plants, 
especially Chara, various algae and 
mosses (Bryum, Hypnum, and Fissi- 
dens) (17, 42). Certain of the Tivoli 
deposits were studied by Cohn (17) who 
found that these plants, growing in 
waters containing a large amount of cal- 
cium bicarbonate, become incrusted with 
calcium carbonate. This was attributed 
to the activity of the plants in abstract- 
ing free carbon dioxide, thereby decom- 
posing the bicarbonic ions and bringing 
about the precipitation of insoluble cal- 
cium carbonate. 

A travertine formation in a mountain 
stream in Switzerland was described by 
MacFayden (68). Close examination 
of the mineral revealed that it had been 
deposited mainly around a moss, iden- 
tified as Cratoneuron commutatum. 
The moss was plentiful in and bordering 
the stream bed where the deposition was 
taking place. A solution of a piece of 
travertine in hydrochloric acid yielded 
a good crop of moss fragments. An ac- 
count of a similar travertine formation 
in the Thiiringer Wald was given by 
Schauroth (90). A cavernous but com- 
pact travertine gathered upon Hypnum 
molluscum, and a loose porous kind was 
formed on Didymodon capillaceus. In 
Scotland, Hypnum commutatum is said 
to be the leading travertine former (42). 

Several series of curious natural bar- 
riers in some of the rivers in the North- 
ern Shan States (Burma) were described 
by LaTouche (64) who attributed their 
formation to the action of moss which 
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covered the surface of the travertine 
composing the barriers. The moss ap- 
parently filtered out particles of carbon- 
ate of lime from the water, thus increas- 
ing the deposit. Growth of the barriers 
was most active at the downstream edges 
where, presumably, the moss was most 
exposed to the light favorable for its 
growth. 

In certain areas in the United States, 
bryophytes have contributed _ signifi- 
cantly to the formation of travertine. 
Wilson (106) told of a travertine deposit 
which was being formed by plant ma- 
terial impeding the flow of seep water 
and thus causing deposition of the car- 
bonate with which the water was highly 
charged. One of the most common 
plants taking part in the formation was 
a sterile moss, some plants of which were 
continuing apical growth, although their 
bases were completely encrusted with 
carbonate. A liverwort, Conocephalum 
conicum, was reported to be playing a 
minor role in this travertine deposition. 

According to Emig (33, 34), recent 
deposits of travertine have altered the 
width and height of certain Oklahoma 
waterfalls. These deposits are aided, to 
a great extent, by the presence of two 
mosses, Didymodon tophaceus and Phi- 
lonotis calcarea. Emig wrote: “ In spite 
of successive erosions, the travertine 
continues to grow by the aid of algae 
and mosses. The mosses act only indi- 
rectly in the precipitation of calcium 
carbonate, principally by supplying a 
larger absorptive and adsorptive surface 
for the evaporation of the calcareous 
water ”’. 

In Huntington Canyon in eastern 
Utah, deposits of calcium and gypsum 
on Hypnum revolutum extend eight to 
ten feet in depth and cover areas of sev- 
eral hundred square feet. A similar 
situation exists in southern Idaho where 
Bryum  pseudotriquetrum and _ other 
mosses are covered with lime. In sev- 


eral of the Utah mountain ranges, the 
waterfalls and dripping cliffs are draped 
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with mosses which accumulate lime en- 
crustations. With the consequent weight 
increase, these plants are torn loose and 
form large mounds where they fall. In 
Emigration Canyon east of Salt Lake 
City, excavation has exposed a traver- 
tine deposit which lies from ten to 30 
feet above the canyon floor. One of the 
now fossilized plants which contributed 
to this accumulation has been identified 
as Brachythecium rivulare (36). 


Daubenmire (25) found the moss 
Mmiobryum albicans to be active in 
travertine formation at Clifty Falls 
State Park, Indiana. Another moss, 


Cratoneuron filicinum, has been reported 
to be similarly active at Turkey Run, 
Indiana (103). Numerous springs in 
Illinois and Indiana have water highly 
impregnated with iron compounds. A 
moss, Brachythecium rivulare, is com- 
mon in the outlets of many of these 
springs. As iron compounds penetrate 
the tissues of the moss, there is formed a 
hard porous substance which adds to the 
accumulation of bog iron ore in the area 
near the springs (96). 

In conclusion, bryophytes, with the 
exception of peat mosses, are of limited 
value to man when they are considered 
from a purely utilitarian or monetary 
point of view. Perhaps their most im- 
portant direct use is as experimental 
plants. However, when their role in the 
economy of nature is examined, they 


have a great, though often indirect, 
value to and influence upon man. 


Herein lies their real importance. 
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Book Reviews 


Garden Spice and Wild Pot-Herbs. 
Walter Conrad Muenscher and Myron Ar- 
thur Rice. x +211 pages. Comstock Pub- 
lishing Associates. 1955. $5.75. 

Printed in unusually large type (Goudy 
Kennerley Bold and Italic) and with 54 
plates from wood cuts, many of them natu- 
ral size, this book adds another to a special- 
ized field already repeatedly covered by 
seemingly dozens of volumes. For any au- 
thor, or authors in this case, to engage in the 
arduous task of contributing to literature 
where there would appear to be little room 
for originality, the motivation must be either 
an intense pleasure in the labor, however 


repetitive it may be, or a conviction that 
there is still some aspect of the subject, in- 
adequately treated so far, which can be au- 


thoritatively discussed. With respect to this 
new herb book, both motives actuated the 
authors. The first can be taken for granted, 
and the second, in the words of the authors, 
was that “In much of the information pub- 
lished on herbs, emphasis has been placed on 
the historical and legendary aspects; recipes 
and medicinal uses have been thoroughly 
treated but herb literature frequently reveals 
a lack of accurate botanical information 
about the plants themselves ” 

To remedy this deficiency, the authors 
have given, in Part I of this book, descrip- 
tions and notes on the culture and uses, culi- 
nary and medicinal, of some 70 cultivated 
herbs. Part II deals with propagation, har- 
vesting and subsequent treatment. Twenty 
wild pot-herbs are treated in Part IIT. 

The fourth part consists of a brief three- 


page explanation of the classification and 
naming of plants, but does not consider any 
taxonomic detail, and in this deficiency the 
intensive plant student may find grounds for 
disappointment, if not criticism. The pres- 
ent reviewer, admittedly not an herb special- 
ist, recently had occasion to decide whether 
a certain mint, flowering in his garden, was 
peppermint or spearmint; and a botanical 
colleague was interested in accurately dis- 
tinguishing between oregano and marjoram. 
In neither instance was the answer convinc- 
ingly available in this book, as it might have 
been if a page or two of comparative and 
distinguishing features had been included. 
Such comparisons are provided with respect 
to seeds and some fruits in one plate of 
nearly 70 drawings. 

Readers interested in the uses of herbs 
other than as culinary adjuncts or medicines 
will be attracted by the brief references in 
this volume to a) the stigmas of autumn cro- 
cus, which are the source of saffron, a per- 
fume and dye used in ancient Greece, Rome 
and the western Orient, and sometimes em- 
ployed today yet to color cake and confec- 
tionery or to flavor exotic dishes; 4,000 
flowers are required to make an ounce of the 
dye; 6) to the oil of rosemary used com- 
mercially in perfumes, hair tonics and medi- 
cines; c) to the volatile oil distilled from 
wormwood as the main ingredient of the 
French liqueuer, absinth; and d) to the blos- 
soms of safflower which serve as the principal 
adulterant and substitute for saffron, and 
utilized today in the cosmetic industry for 
making rouge; formerly in dyeing textiles. 


Macadamia Nut Production in the 


Hawaiian Islands’ 


This minor industry of Hawaii, second to coffee in acre- 
age and value, covers only about 3,000 acres and pro- 
duced less than 500 tons of unshelled nuts, valued at 
about $160,000 in 1954. Growth of the industry has 
been so great, however, that within a few years it is ex- 
pected to be the principle tree crop of the Islands. 
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Introduction 


The macadamia nut (Macadamia ter- 
nifolia F. Muell.) was introduced into 
the Hawaiian Islands from Australia 
about 70 years ago. It has since become 
an important orchard crop in the Is- 
lands, ranking second only to coffee in 
acreage and value. It is expected to 
supplant coffee as the first ranking tree 
crop in a few years. 
There are several reasons for the rise 
macadamia nut production to a 
prominent position in the agriculture of 
the Hawaiian Islands. The tree thrives 
in the Hawaiian climate on a wide vari- 
ety of soils. It can be grown in many 
areas which, because of climate, soil 
types, location or topography, are not 
suited to the culture of sugar cane, pine- 
apples, bananas, papayas and other im- 
portant Island crops. The finished vac- 
uum-packed product is considered by 
many persons to be the finest confection- 
ary nut in the world. It keeps well and 
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ean be exported from the Islands. It 
sells at a premium price on the retail 
market, yet continues to have ready con- 
sumer acceptance both in the Islands 


and in the mainland United States. 
Present production in the Islands is in- 
sufficient to meet demands from the 


United States. 

Macadamia was known to the Aus- 
tralian aborigines who called it “ kindal 
kindal” (4, 8) and prized the nut as 
food. It is commonly known in Aus- 
tralia as the “Queensland nut”. The 
Nut Association of Australia in 1932 (2), 
adopted “ Australian nut ” as the official 
name to supersede “ Queensland nut”, 
“macadamia nut”, “ bush nut”, “ bop- 
ple nut”, “Gympie nut” and other 
names in common use in different local- 
ities. The name “macadamia nut”, 
however, continues to be the one pre- 
ferred and used in the Hawaiian Islands, 
the United States and most other coun- 
tries where the tree is grown. 


Botany 


Macadamia is a genus of handsome 
Australian evergreen trees belonging to 
the plant family Proteaceae which also 
includes Finschia, Grevillea, Hakea, 
Banksia and other genera. The maca- 
damia of horticulture is either of two 
species of Macadamia indigenous to the 
coastal rain forest of southern Queens- 
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land and northern New South Wales, 
which are cultivated for their large seeds 
with edible kernels that are the maca- 
damia “nuts”. Several other members 
of the family bear seeds with edible ker- 
nels, and several species of Macadamia 
have kernels which are so bitter as to be 
unpalatable. 

The species of Macadamia cultivated 
for their nuts are M. ternifolia F. Muell., 
and M. tetraphylla L. Johnson. The 
term “ macadamia ” applies to both spe- 
cies, but horticulturists distinguish them 
by calling the former the “ smooth-shell 
type” and the latter the “ rough-shell 
type”. Until clarified by Johnson in a 
recent publication (7), the botanical 
status of the two types was confused. 
Prior to clarification, most botanists con- 
sidered both types to be variations of a 
single species, M. ternifolia, of which the 
rough-shell type represented the typical 
form. The smooth-shell type was, how- 
ever, recognized as distinctive enough to 
warrant the designation “ botanical va- 
riety integrifolia”. Some botanists con- 
sidered the two types to be different 
species and regarded the specific bino- 
mial, M. integrifolia Maiden and Betche, 
as valid for the smooth-shell type. 
Johnson concluded, from examination of 
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Mueller’s type herbarium specimen and 
drawings, that the name M. ternifolia 
correctly belongs to the smooth-shell 
macadamia. He determined the rough- 
shell macadamia to be a different spe- 
cies which had never been given a valid 
botanical description or name; conse- 
quently he described and named it M. 
tetraphylla. M. integrifolia he reduced 
to synonomy with M. ternifolia. 

Horticulturists have been quick to ac- 
cept the revised nomenclature and have 
begun to use the term “ ternifolia type ” 
in place of “ smooth-shell, or integrifolia 
type” and the term “ tetraphylla type ” 
in place of “rough-shell, or ternifolia 
type ” 

The cultivated species are not difficult 
to distinguish in the field. Certain seed, 
leaf and flower characteristics useful in 
identifying them are listed in Table I. 
Wills (12), in an article on macadamia 
culture, described four forms of M. ter- 
nifola. One of these almost certainly 
is M. tetraphylla. The others could be 
variants of either, or hybrids between 
the two species. Johnson (7) cites speci- 
mens which are intermediate in plant 
characters and may possibly be hybrids 
in some zone of contact between the 
species. 


TABLE I 
ConTRASTING CHARACTERISTICS USEFUL IN IDENTIFYING 
M. tetraphylla anv M. ternifolia 


Macadamia tetraphylla 


(rough-shell type) 


Nuts Usually slightly elliptical or 
shaped 

Mature leaf 
character- 
istics 

almost 


very short or 


inches in length 
Pink to reddish purple 
Pink 


Young leaves 


Flower color 


spindle 


Commonly four leaves at a node, but 
occasionally three; young seedlings 
have two; leaves usually larger and 
longer than M. ternifolia; leaf stems 

absent ; 

margins serrate with many spines 

along the edges; leaves up to 20 


Macadamia ternifolia 
(smooth-shell type) 


Round or very nearly round 


Three leaves to a node, except for 
young seedlings which have two; 
leaves usually shorter than m. tetra- 
phylla, ranging from 4 to 12 inches 
in length; leaf stems usually about 
4 inch long; leaf margins of mature 
trees are much less spiny than M 
tetraphylla and often without spines 


leaf 


Pale green or bronze 


Creamy white 
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Two Macadamia species occur natur- 
ally in the lowland rain forest of eastern 
Australia. The smooth-shell M. terni- 
folia is the more tropical species, occupy- 
ing a range from central to southern 
Queensland. The rough-shell M. tetra- 
phylla grows naturally only in the 
northern coastal section of New South 
Wales and in an adjacent area of the 
southernmost part of Queensland. 

Both species of Macadamia are large 
evergreen trees which, if well-grown, 
may attain a height of 60 feet or more, 
and a spread of 40 feet. The glossy 
dark green foliage somewhat resembles 
holly, and the leaves are sometimes used 
in making wreaths and other Christmas 
decorations. 

The flowers are small, about 12 mm. 
long, perfect and without petals, but 
having four petal-like sepals. They are 
borne in groups of three or four on short 
pedicels along the rachis of a spike-like 
raceme. A single raceme may bear 300- 
500 flowers. The racemes are borne in 
leaf axils on new growth or on the 
growth of the previous two or three 
flushes. Usually only one to 20 flowers 
on each raceme set fruit. 

The fruit is a follicle consisting of a 
more or less fleshy husk, or, pericarp, en- 
closing a spherical seed one-half to one 
inch in diameter with a very hard dura- 
ble seedcoat. Occasionally the husk 
may contain two hemispherical seeds. 

The seed is the “nut” of the maca- 
damia. The edible portion, or kernel, is 
the mature embryo which consists of a 
tiny inconspicuous plant axis, to which 
are attached two large nutty hemispheri- 
‘al cotyledons. The flavor, which is dis- 
tinctive in its own right, is most fre- 
quently likened to that of the filbert. 


History 
Walter Hill, first Director of the Bris- 
bane Botanic Gardens, discovered the 
macadamia while making a study of the 
flora of the Moreton District in Queens- 


land. F. von Mueller described it bo- 
tanically in 1858, naming it Macadamia 
ternifolia in honor of Dr. John Maca- 
dam, President of the Philosophical So- 
ciety, Victoria, Australia. 

The first introduction into the Ha- 
waiian Islands probably was made by 
William H. Purvis who planted several 
trees of the ternifolia type at Kukui- 
haele, island of Hawaii, about 1885. 
One of these trees is still growing at Ku- 
kuihaele. 

About 1892, R. A. Jordan obtained 
some seeds of the ternifolia type in 
Australia and gave them to his brother, 
E. W. Jordan, who germinated them and 
planted the trees at his home in Nuuanu 
Valley, Honolulu, island of Oahu. Sev- 
eral of the trees continue to grow on that 
site. 

When the Board of Agriculture and 
Forestry of the Hawaiian Government 
reforested the slopes of Mt. Tantalus 
back of Honolulu in 1892-94, a number 
of macadamia trees were set out among 
wattle (Acacia spp.), eucalyptus (Euca- 
lyptus spp.) and other species of Aus- 
tralian forest trees. Six macadamia 
trees still grow in the area, all of the 
tetraphylla type. 

The success of these early introduc- 
tions was so encouraging and the desira- 
ble attributes of the nuts were so readily 
recognized that many persons obtained 
trees for home planting, and the Hawaii 
Agricultural Experiment Station began 
propagating trees for free distribution to 
encourage further planting. 

One of the first orchard plantings was 
set out on a 25-acre tract near Honolulu 
in 1922 by the Hawaiian Macadamia 
Nut Company, a stock company formed 
for the purpose of producing macadamia 
nuts on a commercial basis. Another of 
the earliest orchard plantings was lo- 
vated at Hoaeae Ranch near Waipahu, 
Oahu. As early as 1916, the Honokaa 
Sugar Company on the island of Hawaii 
planted macadamia trees in a reforesta- 
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tion project on marginal sugar lands, 
In the early 1920's, as the value of the 
nut became apparent, these trees were 
given orchard care, and additional trees 
were planted. 

In order to stimulate macadamia cul- 
ture on a commercial basis, the Legisla- 
ture of the Territory of Hawaii passed 


Fic. 1. 


an act exempting properties used solely 
for macadamia culture from taxation 
for a period of five years beginning 
January 1, 1927 (3). Although the act 
was not renewed upon expiration, maca- 
damia production in the Islands had 
nevertheless received considerable 
petus resulting from this measure. 

Up to 1936, macadamia plantings con- 
sisted of seedling trees varying greatly 
in nut characteristics and bearing ca- 
pacity. Orchards were the 


im- 


either of 
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ternifolia type or of the tetraphylla 
types. In the course of time, however, 
nuts of the ternifolia type were found to 
be better for processing, and, since about 
1939, this has been the type used for 
commercial plantings. The varieties es- 
tablished for clonal propagation are all 
of this type. Plantings of the tetra- 


Well grown 12-year-old macadamia tree in a commercial orchard. 


phylla type have been abandoned, re- 
moved or topworked to 
eties. 


ternifolia vari- 


Culture 


The macadamia tree produces best on 
deep well-drained soils with rainfall in 
excess of 60 inches per year. It is a 
relatively hardy 
once it has 


drouth-tolerant 
become established. 


tree, 
In 


Hawaii, macadamia trees are grown suc- 


cessfully at elevations ranging from near 
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sea level up to 2,500 feet, and under 
rainfall conditions varying from 40 
inches to over 200 inches per year. Ir- 
rigation has not been practiced to any 
great extent 
Hawaii. 

Spacing distances between trees in 
most of the older seedling orchards range 
from 18 to about 30 feet. 
ings are not adequate, and older orchards 
are often too overcrowded to permit cul- 
tivation and access to the trees. Thirty- 
five feet would be a more suitable spac- 
ing distance between trees, and 40 feet 
would probably be even better for well- 
grown trees, planted on good soil. 


in macadamia orehards in 


These spac- 


Macadamia trees are considered sus- 
ceptible to wind damage because the 
wood is relatively hard and splits easily. 
The trees are not especially strong 
rooted and are sometimes uprooted by 
high winds. These facts are well under- 
stood by experienced growers, and well- 
planned windbreaks are now considered 
essential for orchards located on exposed 
windy sites. Macadamia trees, in com- 
mon with most other fruit trees, do not 
grow well on poorly drained or ex- 
tremely shallow soils. 


Varieties 


At the present time new plantings are 
being made almost entirely with grafted 
trees of carefully tested varieties. These 
varieties have resulted from a program 
of selection and testing begun in 1936 by 
Hawaii Agricultural Experiment Station 
horticulturists (11). This program has 
involved examining and screening about 
65,000 seedling trees over a 19-year 
period. Seven macadamia varieties were 
named as a result of the program (5, 9). 
A dozen or more promising clonal selec- 
tions are presently undergoing extensive 
laboratory and field testing to determine 
their value. 

Four varieties are being recommended 
for commercial orchards in Hawaii at 
present. Names of these varieties, de- 


scribed in Hawaii Agricultural Experi- 
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ment Station Circular 36 (5), are 
“ Keauhou ”’, “ Wailua’”’, “ Kakea ” and 


“Tkaiki”. They are rather similar in 
nut characteristics but differ somewhat 
in adaptation to various elevations and 


local climatic conditions on different 
islands. 
Nut characteristics of these selected 


varieties, which produce nuts of the type 
and size preferred for commercial proc- 
essing, are as follows: approximately one 
inch in diameter, round rather than 
flattened or spindle-shaped, from 34 to 
40 percent kernel and an average of 
about 2.8 grams per kernel. A more de- 
tailed discussion of selection criteria use- 
ful in evaluating macadamia varieties is 
presented by Beaumont (1). All of the 
four recommended varieties are of the 
smooth-shell type and possess good to 
excellent resistance to anthracnose, a 
fungus disease of the husks and leaves. 
The type of nuts produced by these vari- 
eties is illustrated in Figure 2. 


Harvesting and Curing 


Macadamia nuts fall from the tree 
when mature and are then picked up and 
sacked by hand. The nuts characteris- 
tically ripen over a period of several 
months because of intermittent blossom- 
ing and must be harvested rather often, 
especially during rainy weather. If left 
on damp ground they deteriorate rapidly 
because of mold and other fungi, or they 
may begin to germinate. During the 
rainy season and peak ripening period, 
nuts are picked at intervals of one to 
three weeks, while during dryer periods 
they may be left for five to six weeks. 

Mature nuts fall from the tree, en- 
closed in a fleshy husk. This must be 
removed by some type of husking ma- 
chine within a week after picking to pre- 
vent the nuts from heating and spoiling. 
Satisfactory huskers have in some in- 
stances been improvised from corn 
shellers. Another simple type of husker 
consists of a strongly constructed 
wooden trough lined with wire cross- 
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Fic. 2 
to right: 


Nuts, kernels and shells of four 
[kaiki, Wailua, Kakea, Keauhou. 


stapled firmly in place. This 
trough is placed under a jacked-up auto- 
mobile wheel and the nuts are fed under 
the revolving wheel. The husks 
rubbed off as the nuts pass under the 
tire, rubbing wire cross-pieces 
attached to the bottom of the trough. 
In one factory, husking is done on a 
large commercial walnut 
huller operating on a revolving wire 
brush principle. This husker 
rapid, efficient job of husking. 
Husked, unshelled nuts keep satisfac- 


pieces 


are 


against 


scale by a 


does a 


important macadamia varieties 


Vertical rows, left 


torily several months in dry storage, if 
they have been air-dried to about ten 


percent moisture before storing. Drying 
is ordinarily accomplished by placing 
the nuts in the sun for several days on 
wire mesh racks. Drying may also be 
done under a forced draft of warm air, 
if suitable equipment is available. 

In Hawaii, macadamia nuts are 
ally within 
months after harvesting. 


usu- 
three 
The first step 
is to dry the unshelled nuts until ap- 
proximately two 


processed two to 


percent moisture re- 
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mains in the kernels. This is accom- 
plished by placing the nuts in a forced 
draft of air at 120 to 150 degrees F. from 
24 to 72 hours. The kernels are then 
jarred loose inside the shells by bounc- 
ing or dropping the nuts to give them a 
sudden jolt, to prevent them from stick- 
ine to the shell fragments when the nuts 
are cracked. 


Cracking 


The difficulty of cracking macadamia 
nuts has frequently been exaggerated. 
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along the suture line extending from the 
micropyle to the funiculus. This suture 
line is the natural breakage line of the 
shell, and, after a little skill has been 
acquired through practice, macadamia 
nuts can be cracked about as easily and 
quickly as most other table nuts. Mac- 


adamia nuts are cracked commercially 
by power-driven nut-cracking machines. 
Some of these utilize the wedge or blade 
principle, while others employ a vise 
One of the best nut-cracking 
for macadamias 


principle. 


machines has been a 


Fic. 3. Macadamia nut-cracker from vice-grip plier. 


Lower, 7-inch plier before adaptation. 


Upper, same plier as below converted to a nut cracker by grinding the movable jaw into a thick, 


curved blade. 


Macadamia nuts cannot be cracked 
satisfactorily with the usual types of 
hand nut crackers because of the hard 
durable shell structure. However, they 
can be cracked readily without shatter- 
ing the kernels with a blade type cracker 
(6) similar to that shown in Fig. 3. 
This type of cracker can be improvised 
in a few minutes from a small vise-grip 
plier, by grinding the movable jaw of 
the plier into a thick curved blade. In 
cracking the nuts, the blade is placed 


filbert-cracking machine which was suc- 
cessfully adapted for cracking macada- 
mia nuts. 


Grading 


After the nuts are cracked, the kernels 
are separated from the shells, manually, 
as they move along a long belt. The 
kernels are also hand graded in the same 
operation, the shriveled and dark colored 
kernels being picked out and dropped 
into separate containers. Chips and 
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broken pieces are also separated from 
the half and whole kernels which make 
up the best commercial grade of nuts. 

In some instances kernels are also 
graded in a specific gravity grader con- 
sisting of a container of water or weak 
brine solution. The best grade kernels 
float because of their high oil content 
and can be skimmed off. Immature and 
off-grade kernels, however, tend to have 
a higher specific gravity than the grad- 
ing solution because of their low oil 
content, and are therefore separated out 
when they sink to the bottom of the con- 
tainer, 


Processing 


The best grade nuts are cooked in 
vegetable oil in wire baskets, at tem- 
peratures between 260 and 290 degrees 
F. for eight to 15 minutes. The exact 
amount of time necessary for cooking is 
determined by the color of the kernels 
as they are cooked, rather than by a 
definite time interval. A light straw 
color is preferred in cooked nuts. After 
cooking, the nuts are allowed to drain 
throughly; then they are sprayed lightly 
with a tasteless commercial adhesive. 
The nuts are next salted and vacuum- 
sealed in glass containers of various 
sizes. The most popular sized contain- 
ers for the retail trade are glass jars 
holding 34, 7 and 12 ounces of nuts. 
No. 2 kernels, which fail to meet the re- 
quirements for the best grade of nuts, as 
well as chips and broken pieces, are usu- 
ally packed in larger containers, in some 
‘ases vacuum sealed. Broken kernels, 
chips and No. 2 kernels are in good de- 
mand and find a ready market in the 
confectionary trade and for flavoring 
ice cream. 

Production 

Commercial production in the Ha- 
waiian Islands is centered largely in the 
Hamakua and Kona districts of the is- 
land of Hawaii, where about 70 percent 


of the nuts produced in the Territory are 
being grown. The largest producing or- 
chards are those of the Honokaa Sugar 
Company which maintains an orchard 
of more than 500 acres on the Hamakua 
Coast (10). The remaining 30 percent 
of the production is distributed among 
the islands of Kauai, Oahu, Molokai and 
Maui. The total acreage, production 
and wholesale value of macadamia nuts 
produced in the Territory of Hawaii are 
shown in Table II. There has been a 
rather slow but consistent increase in 


TABLE II 
PropucTION, ACREAGE AND WHOLESALE VALUE 
or MacapAMIA Nuts Propucep IN 
Hawa, 1943-1954 


Total 
bearing 
and 
non- 
bearing 
trees 


Whole- 
sale 
value 
unshelled 
nuts 


Produc- 
tion 
unshelled 
nuts 


Non- 
bearing 
trees 


Dollars 
38,000 
77,000 
79,000 
95,000 

117,000 
119,000 
115,000 
128,000 
144,000 
165,000 
164,000 
159,000 


A cres 


1943 667 
1944 696 
1945 770 
1946 806 
1947 1,030 
1948 1,232 
1949 1,402 
1950 1,767 
1951 2,197 
1952 2,349 
1953 2,576 


1954 2,721 1,395 


* No estimate available for these years. 
acreage planted to macadamia up to 
1955. The increase in acreage of non- 
bearing trees between 1948 and 1955 
may be attributed largely to the de- 
velopment of the Keaau Orchard near 
Hilo, Hawaii, by Castle and Cooke, Ltd. 
About 1,000 acres of young trees have 
already been planted by this company. 

Seedling trees found in bearing or- 
chards vary widely in production, and 
the nuts produced are variable in size, 
shape, thickness of shell, quality and 
percent of kernel. New orchards set out 
since 1938 have been planted almost en- 
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tirely with grafted trees of tested vari- 
eties. The first orchards of grafted mac- 
adamia trees established anywhere in 
the world were in Hawaii. These were 
the variety test orchards set out by 
Hawaii Agricultural Experiment Station 
personnel at various locations in Hawaii, 
Oahu, Maui and Kauai during the period 
from 1938 to 1949. 
eties are estimated to be capable of at 
doubling the yield of unshelled 
per tree. In addition, improved 
varieties now being planted produce an 
average of about 39 percent kernel, com- 
pared with about 24 percent kernel from 
seedling trees now in production (9). 
Based on production records of indi- 


Good clonal vari- 


least 
nuts 


vidual trees, it is conservatively esti- 
mated that well-grown orchards of 


adapted clonal varieties can be expected 
to average 100 lbs. or more per year of 
unshelled nuts per tree by the time the 
trees reach 15 years of age. However, 
with the best varieties available, 
high yields are possible only on good 
locations with adequate fertilizer and 
rainfall. 

Orchards of grafted trees usually be- 
gin to come into bearing five to seven 
years after transplanting, depending 
upon the varieties used and growing con- 
ditions encountered. Seedling trees sel- 
dom bear appreciable crops until they 
are about ten years old. It is evident 
that a substantial increase in production 
may be anticipated as new orchards of 
grafted trees set out during the past ten 
years come into bearing. 

Macadamia nut production is firmly 
established as an important minor in- 
dustry in Hawaii. Furthermore, it is 
in the expansion in areas 
where suitable !and is available. There 
are two large processing factories and 
several smaller ones in operation in the 
Territory of Hawaii. These factories 
crack the nuts, the kernels and 
pack a finished vacuum-sealed product 
in jars for sale on the retail market. At 


even 


process of 


roast 
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present these factories are turning out 
approximately 250,000 pounds of proc- 
essed vacuum-packed nuts a year. Up 
to the present time less than 20 percent 
of the total annual production has been 
exported, the bulk of the processed nuts 
being sold through retail outlets in the 
Islands. In view of the popularity of 
macadamia nuts in Hawaii, it is felt that 
with adequate advertising and sales pro- 
motion, the mainland United States 
offers an almost unlimited market, par- 
ticularly if retail prices can be brought 
down to a level competitive with other 
confectionary nuts. 
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